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Martin Bronfenbrenner once said about himself, *‘Doubtless I shall end, 
if I live long enough, ‘knowing nothing about everything, as against the 
specialist’s ‘knowing everything about nothing.’ ”’ Indeed, Professor Bron- 
fenbrenner’s interests spanned several important areas of economics and 
even beyond it. His contributions are in areas ranging from income distri- 
bution theory, monetary economics, fiscal economics, business-cycle the- 
ory, imperfect competition, labor economics, and production theory, on one 
hand, to economic development, Marxian economics, comparative eco- 


` nomic systems, history of economic thought, and international economics, 


on the other. His interest in the development of the Japanese economy 
deserves special mention. In today’s world of specialization, Professor 
Bronfenbrenner towered over the discipline as a member of that fast- 
disappearing class of generalists. 

His most influential papers include ‘‘Some Fundamentals of Liquidity 
Theory,” Quarterly Journal of Economics (May 1945); ‘‘Price Control 
Under Imperfect Competition,’’ American Economic Review (March 1947); 
“A Contribution to the Aggregative Theory of Wages,” Journal of Polit- 
ical Economy (October 1957); “Notes on the Elasticity of Derived De- 
mand,’’ Oxford Economic Papers (October 1961); and his landmark survey 
with Franklyn D. Holzman, ‘‘Survey of Inflation Theory,’’ American Eco- 
nomic Review (September 1963). Among his several books, Income Dis- 
tribution Theory (Chicago: Aldine Atherton, 1971), continues to be an 
authoritative work in its area. His macroeconomics textbook, Macroeco- 
nomic Alternatives (Arlington Heights, IL: AHM Publishing Corporation, 
1979), remains unparalleled in its treatment of alternative economic 
systems. 

Professor Bronfenbrenner was born in 1914 in the United States of im- 
migrant parents. He received an A.B. degree from Washington University 
(St. Louis) and a Ph.D. in Economics from the University of Chicago. The 
Second World War saw him learning Japanese to translate captured Japa- 
nese documents and interrogate Japanese POWs. This ultimately began his 
long, exciting, and extremely fruitful association with Japan. For almost 
half a century, Professor Bronfenbrenner held teaching and research posi- 
tions in several universities in the United States and Japan. In his own 
words, ‘‘the years ... have been spent on campuses and in airplanes be- 
tween campuses... .’” He was a Professor of Economics at Carnegie Mellon 
University between 1962 and 1971, held the Kenan Chair in Economics at 
Duke University between 1971 and 1984, and was Professor of Interna- 
tional Economics at the Aoyuma Gakuin University at Tokyo, Japan since 
1984. 

A short time prior to his death in 1997, Martin Bronfenbrenner had been 
informed that he was elected a Fellow of the American Economic 
Association. 
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plications of Option-Pricing Theory: Twenty-Five Years Later? 


By ROBERT C. MERTON* 


iu 


he news from Stockholm that the prize in - 


tomic sciences had been given for option- 
ing theory provided unique and signal rec- 
iion to the rapidly advancing, but still 
ively new, discipline within economics 
kh relates mathematical finance theory and 
nce practice.' The special sphere of finance 
in economics is the study of allocation and 
loyment of economic resources, both spa- 
y and across time, in an uncertain environ- 
t. To capture the influence and interaction 
me and uncertainty effectively requires so- 
ticated mathematical and computational 
. Indeed, mathematical models of modern 
ice contain some truly elegant applications 
robability and optimization theory. These 
ications challenge the most powerful com- 
tional technologies. But, of course, all that 
legant and challenging in science need not 
i be practical; and surely, not all that is 
tical in science is elegant and challenging. 
s we have both. In the time since publi- 
mn of our early work on the option-pricing 
lel, the mathematically complex models of 
ice theory have had a direct and wide- 
ung influence on finance practice. This 
joining of intrinsic intellectual interest with 


This article is the lecture Robert C. Merton delivered 
iockholm, Sweden, December 9. 1997, when he re- 
ed the Alfred Nobel Memorial Prize in Economic Sci- 
s. The article is copyright © The Nobel Foundation 
fand is published here with the permission of the No- 
oundation., 


!Graduate School of Business Administration, Har- 


University, Boston, MA 02163, and Long-TernyCap-- - - 


Management, L.P., Greenwich, CT 06831. I am 
ful to Robert K. Merton, Lisa Meulbroek, and Myron 
les for their helpful suggestions on this lecture and 
‘much more. Over the past 30 years, I have come to 
fan incalculable debt to Paul A. Samuelson, my 
Ker, mentor, colleague, co-researcher, and friend. Try 
lave (cf., Merton, 1983, 1992), I cannot find the 
Sto pay sufficient tribute to him. I dedicate this lec- 
£0 Paul and to the memory of Fischer Black. 

fhis section draws on Merton (1994, 1995, 1997b). 


: 
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extrinsic application is central to research in 
modern finance. 

It was not always thus. The origins of much 
of the mathematics in modern finance can be 
traced to Louis Bachelier’s 1900 dissertation 
on the theory of speculation, framed as an 
option-pricing problem. This work marks 
the twin births of both the continuous-time 
mathematics of stochastic processes and the 
continuous-time economics of derivative- 
security pricing. Kiyoshi Itô (1987) was 
greatly influenced by Bachelier’s work in his 
development in the 1940’s and early 1950’s of 
the stochastic calculus, later to become an es- 
sential mathematical tool in finance. Paul A. 
Samuelson’s theory of rational warrant pric- 
ing, published in 1965, was also motivated by 
the same piece. However, Bachelier’s impor- 
tant work was largely lost to financial econo- 
mists for more than a half century. During 
most of that period, mathematically complex 
models with a strong influence on practice 
were not at all the hallmarks of finance theory. 
Before the pioneering work of Markowitz, 
Modigliani, Miller, Sharpe, Lintner, Fama, 
and Samuelson in the late 1950’s and 1960’s, 
finance theory was little more than a collection 
of anecdotes, rules of thumb, and shuffling of 
accounting data. It was not until the end of the 
1960’s and early 1970’s that models of finance 
in academe become considerably more so- 
phisticated, involving both the intertemporal 
and uncertainty dimensions of valuation and 
optimal decision-making. The new models of - 
dynamic portfolio theory, intertemporal capi- 
tal asset pricing, and derivative-security pric- 
ing employed stochastic differential and 
integral equations, . stochastic dynamic pro- 
gramming, and partial-differential equations. 
These mathematical tools were a quantum 
level more complex than had been used in fi- 
nance before and they are still the core tools 
employed today. 

The most influential development in terms 
of impact on finance practice was the Black- 
Scholes model for option pricing. Yet 
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paradoxically, the mathematical model was 
developed entirely in theory, with essentially 
no reference to empirical option-pricing data 
as motivation for its formulation. Publication 
of the model brought the field to almost im- 
mediate closure on the fundamentals of 
option-pricing theory. At the same time, it 
- provided a-launching pad for refinements of 
the theory, extensions to derivative-security 
pricing in general, and a wide range of other 
applications, some completely outside the 
realm of finance. The Chicago Board Options 
Exchange (CBOE), the first public options 
exchange, began trading in April 1973, and by 
1975, traders on the CBOE were using the 
model to both price and hedge their option po- 
sitions. It was so widely used that, in those pre- 
personal-computer days, Texas Instruments 
sold a handheld calculator specially pro- 
grammed to produce Black-Scholes option 
prices and hedge ratios. That rapid adoption 
was all the more impressive, as the mathe- 
matics used in the model were not part of the 
standard mathematical training of either aca- 
demic economists or practitioner traders. 
Academic finance research of the 1960s, 
including capital asset pricing, performance, 
and risk measurement, and the creation of the 
first large-scale databases for security prices 
essential for serious empirical work, have cer- 
tainly influenced subsequent finance practice. 
Still the speed of adoption and the intensity of 
that influence was not comparable to the influ- 
ence of the option model. There are surely sev- 
eral possible explanations for the different 
rates of adoption in the 1960’s and the 1970’s. 
My hypothesis is that manifest ‘‘need’’ deter- 
mined that difference. In the 1960’s, especially 
in the United States, financial markets exhib- 
ited unusually low volatility: the stock market 
rose steadily, interest rates were relatively sta- 
ble, and exchange rates were fixed. Such a 
market environment provided investors and fi- 
nancial service firms with little incentive to 
adopt new financial technology, especially 
technology designed to help manage risk. 
However, the 1970’s experienced several 
events that caused both structural changes and 
large increases in volatility. Among the more 
important events were: the shift from fixed to 
floating exchange rates with the fall of Bretton 
Woods and the devaluation of the dollar; the 


‘ policy on the financial system. To undersct 


JUNE } ` 


world oil-price shock with the creation ` 
OPEC; double-digit inflation and interest ra 
in the United States; and the extraordin: 
real-return decline in the U.S. stock may 
from a peak of around 1050 on the Dow Jo, ` 
Industrial Average in the beginning of 1974 
about 580 at the end of 1974. As a result, ; 
increased demand for managing risks in ay; 
atile and structurally different economic ¢ 
vironment contributed to the major success 
the derivative-security exchanges createdrc 
the 1970’s to trade listed options on stob 
futures on major currencies, and futures r, 


fixed-income instruments. This success in tp 


increased the speed of adoption for quantn 
tive financial models to help value options ¿t 
assess risk exposures. rt 
The influence of option-pricing theoryl | 
finance practice has not been limited to fine 
cial options traded in markets or even tog 
rivative securities generally. As we shall 9: 
the underlying conceptual framework oril 
nally used to derive the option-pricing form)- 
can be used to price and evaluate the risk 
wide array of applications, both financial dl 
nonfinancial. Option-pricing technology N 
played a fundamental role in supporting ki 
creation of new financial products and mark 
around the globe. In the present and in the i 
pending future, that role will continue expat 
ing to support the design of entirely n 
financial institutions, decision-making by s 
ior management, and the formulation of pub} 






that point, I begin with a few remarks ab 
financial innovation of the past, this adumbé! 
tion to be followed in later sections with a 0! 
tailed listing of applications of the opti¢® 
technology that include some observations#’ 
the directions of future changes in finan¢© 
Services. 
New financial product and market desig? 
improved computer and telecommunicati¢ 
technology, and advances in the theory off c 
nance during the past quarter century have} 
to dramatic and rapid changes in the structif™ 
of global financial markets and instituti fs 
The scientific breakthroughs in financial m 
eling in this period both shaped and w y 
shaped by the extraordinary flow of finan®, 
innovation which coincided with that! 
changes. Thus, the publication of-the opti ‘ | 
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reatio ‘ing model in 1973 surely helped the de- 
interest ragpment and growth of the listed options and 
>xtraordingr-the-counter (OTC) derivatives markets. 
stock mart, the extraordinary growth and success of 
ie Dow Toke markets just as surely stimulated further 
ng of 1973yelopment and research focus on the 
; a result, §jvative-security pricing models. To see this 
isks in a perspective, consider some of the innova- 
conomic ge changes in market structure and scale of 
or suċces global financial system since 1973. There 
`s createdicurred the aforementioned fall of Bretton 
is ON stodoods leading to floating exchange rates for 
d futures Irencies the development of the national 
lccess in tortgage market in the United States which in 
fpr quantin restructured that entire industry; passage 
e options athe Employee Retirement Income Security 
et (ERISA) in 1974 with the subsequent de- 
ag theory lopment of the U.S. pension-fund industry; 
ited to fine first money-market fund with check writ- 
r even to {g that also took place in 1974; and the ex- 
we shall g6sive growth in mutual fund assets from $48 
ework orillion 25 years ago to $4.3 trillion today (a 
icing form)-fold increase), with one institution, Fidel- 
> the risk iy Investments, accounting for some $500 
financial dlion by itself. In this same period, average 
+hnology hily trading volume on the New York Stock 
ipporting xchange grew from 12 million shares to more 
s and markian 300 million. Even more dramatic were the 
ind in the ifanges in Europe and in Asia. The cumula- 
tinue expave impact has significantly affected all of us— 
entirely n§‘users, producers, or overseers of the finan- 
aking by sdl system. 
itfon of pub¥Nowhere has this been more the case than 
Ko underscd} the development, refinement, and broad- 
emarks ab@sed implementation of contracting technol- 
this adumbgy. Derivative securities such as futures, 
ons with a Ptions, swaps, and other contractual agree- 
f the opti lents—the underlying substantive instru- 
s in inl for which our model was developed— 





s in finan¢fovide a prime example. Innovations in 

ihancial-contracting technology have im- 
arket desigf0ved efficiency by expanding opportunities 
mmunicati@f risk sharing, lowering transactions costs, 
> theory offid reducing information and agency costs. 
natury have tHe numbers reported for the global use of 
n the structt€Tivative securities are staggering (the figure 
d. institutio $70 trillion appeared more than once in the 
ihancial m WS Stories surrounding the award of the No- 
xed and wél Prize and there are a number of world 
w of financ#Dking institutions with reported multi- 
ilion-dollar, off-balance-sheet derivative po- 
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amounts (and often involve double-counting), 
they are meaningless for assessing either the 
importance or the risk exposure to derivative 
securities.” Nevertheless, it is enough to say 
here that, properly measured, derivatives are 
ubiquitous throughout the world financial sys- 
tem and that they are used widely by nonfi- 
nancial firms and sovereigns as well as by 
institutions in virtually every part of their fi- 
nancing and risk-managing activities. Some 
observers see the extraordinary growth in the 
use of derivatives as fad-like, but a more likely 
explanation is the vast saving in transactions 
costs derived from their use. The cost of im- 
plementing financial strategies for institutions 


‘using derivatives can be one-tenth to one- 


twentieth of the cost of executing them in the 
underlying cash-market securities.” The sig- 
nificance of reducing spread costs in financing 
can be quite dramatic for corporations and for 
sovereigns: for instance, not long ago, a l- 


. percent (i.e., 100-basis-point) reduction in 


debt-spread cost on Italian government debt 
would have reduced the deficit by an amount 
equal to 1.25 percent of the gross domestic 
product of Italy. 

Further improved technology, together with 
growing breadth and experience in the applica- 
tions of derivatives, should continue to reduce 
transactions costs as both users and producers of 
derivatives move along the learning curve. Like 
retail depositors with automatic-teller machines 
in banks, initial resistance by institutional clients 
to contractual agreements can be high, but once 
customers use them they tend not to return to the 
traditional alternatives for implementing finan- 
cial strategies. 

A central process in the past two decades 
has been the remarkable rate of globalization 
of the financial system. Even today, inspection 


? Notional amounts typically represent either the total 
value of the underlying asset on which payments on the 
derivative is determined (e.g., interest rate swap contracts ) 
or the exercise price on an option. The value of the deriv- 
ative contract itself is often a small fraction of its notional 
amount. 

3 See André F. Perold (1992) for a case study illus- 
trating the savings in transactions costs, taxes, and custo- 
dial fees from using derivatives instead of the cash market. 
Myron S. Scholes (1976) provides an early analysis of the 
effect of taxes on option prices. 


326 THE AMERICAN ECONOMIC REVIEW 


of the diverse financial systems of individual 
nation-states would lead one to question how 
effective integration across geopolitical bor- 
ders could have realistically taken place since 
those systems are rarely compatible in insti- 
tutional forms, regulations, laws, tax struc- 


_ tures, and business practices. Still, significant 


integration did take place. This was made 
possible in large part by derivative securities 
functioning as ‘‘adapters.’’ In general, the 
flexibility created by the widespread use of 
contractual agreements, other derivatives, and 
specialized institutional designs provides an 
offset to dysfunctional institutional rigidities.‘ 
More specifically, derivative-security con- 
tracting technologies provide efficient means 
for creating cross-border interfaces among 
otherwise incompatible domestic systems, 
without requiring widespread or radical 
changes within each system. For that reason, 
implementation of derivative-security technol- 
ogy and markets within smaller and emerging- 
market countries may help form important 
gateways of access to world capital markets 
and global risk sharing. Such developments 
and changes are not limited only to the 
emerging-market countries with their new fi- 
nancial systems. Derivatives and other 
contracting technologies are likely to play a 
significant role in the financial engineering of 
the major transitions required for European 
Monetary Union and for the major restructur- 
ing of financial institutions in Japan. 

With this introduction as background, I turn 
now to the key conceptual and mathematical 
framework underlying the option-pricing 
model and its subsequent applications. 


I. General Derivation of 
Derivative-Security Pricing 


J understand that it is customary in these lec- 
tures for the Nobel Laureates to review the 


* Scholes and Mark A. Wolfson (1992) develop the 
principles of security and institutional design along these 
lines. See also Perold (1992) and Merton (1993, 1995). 
Inspection of the weekly International Financing Review 
will find the widespread and varied applications of finan- 
cial engineering, derivatives, special-purpose vehicles, 
and securities for private-sector and sovereign financing 
in every part of the world. 


“Black-Scholes optiori-pricing theory was yg. 


back oan and the process leading up to he È sant 
discoveries. Happily, there. is no need to doy #e.% 
here since that has been done elsewhere p Re?" 
Fischer Black (1989), Peter L. Bernstey: Ri it 
(1992 Ch. 11), Merton and Scholes (1995). gis? 
and Scholes (1998). Instead, I briefly sun #*° 
marize. My principal contribution to th $> 





af nc Gi 
4 er Eating l 
Ei r 

Lr ot ae Ci 


show that the dynamic trading strategy pr. $2“: 
scribed by Black and Scholes to offset the rig $7,44 
- exposure of an option would provide a perfe $: .:"4 
hedge in the limit of continuous trading. Thi 2 <4 
is, if one could trade continuously withoy ¥: -. .# 
cost, then following their dynamic tradiy #: N 
strategy using the underlying traded asset aj f° © 
the riskless asset would exactly replicate th £ <2: 
payoffs on the option. Thus, in a continuow § | .* 
trading financial environment, the option prig Ẹ, _.** 
must satisfy the Black-Scholes formula or ely $; -Y 
there would be an opportunity for arbitrag fi; - " 
profits. To demonstrate this limit-case result] § © 
applied the tools developed in my earlier wok § ™ 
(1969, 1971) on the continuous-time theory d § f 


portfolio selection. My 1973a paper also ex § 
tended the applicability of the Black-Scholaf @ 


model to allow for stochastic interest rates o f 0 
ivi 5o hh 
the riskless asset, dividend payments on th ¢ H 


underlying asset, a changing exercise pric { l 
American-type early-exercise of the option # p 


and other “‘exotic’’ features such as th § h 
“‘down-and-out’’ provision on the option. Iaa} j 


also responsible for naming the model, “‘th § 
Black-Scholes Option-Pricing Model.” gg, 

The derivations of the pricing: formula it fè dy 
both of our 1973 papers make the followin} F: de 


assumptions: | | j i 
“tz y an 
ki Co 

` My 1970 working paper was the first to use WẸ p 


“Black-Scholes” label for their model (cf., Merton 19% § 
p. 379). This same paper was given at the July 1970 Wels B&O 
Fargo Capital Market Conference, since made ‘‘famous’ $ 

(or a by Bernstein (1992 p. 223) as the one? B AS 
which I ‘‘. . . inconveniently overslept . . .’’ the & ex) 
morning session and missed the Black and Scholes pè FF 
sentation. The second instance naming their model was F sw 
the 1971 working paper version of Merton (19738) È 45% 
Samuelson (1972) is the first published usage: both in th! i the 
main text and in my Appendix to that paper which deriv f dy) 
the model and refers to it as the ‘‘Black-Scholes formula.” i the 
The formula is cited in Roger J. Leonard (1971) a0 & 
Carliss Baldwin (1972), the earliest theses to apply th? fF 
model. Somewhat ironically, all these references to the $ AS 
‘‘Black-Scholes model’ appear before the actual publ E the 
cation of either Black and Scholes (1972) or-(1973). E.. 


















2 a sSUMPTION 1: ‘‘Frictionless’’ and 
5 A3 jinuous ’ markets— There are no trans- 
rei E 4 actio gns costs or differential taxes. Markets are 
eee Il the time and trading takes place con- 
EN z p ly. Borrowing and short-selling are al- 


Ee sinuous 
Ysa a “lowed without restriction. The borrowing and 


a lending rates are eaid 
Yo p assuMerion 2: ndening asset-price 
mics—Let V = V(t) denote the price at 
E t of a limited-liability asset, such as a 
É : share of stock. The posited dynamics for the 
4) instantaneous returns can be described by an 
' Ité-type stochastic differential equation with 
Æ © continuous sample paths given by 


dV =[aV — D, (V, t) | dt + aVdZ, 


į where: a = instantaneous expected rate of re- 
< um on the security; o* = instantaneous vari- 
¿ance rate, which is ae: to depend, at 
PA- Š most, on V(t) and t (i.e., o° = o° (V, t)); dZ 
X is a Wiener process; and D, = dividend pay- 
a ment flow rate. With limited liability, to avoid 
t gees V(t) = 0 forall t = t* if V(t*) = 


on w RE 
(x ation, a can follow a quite general stochastic 


> priog a8 : process, dependent on V, other security prices, 


O tioni i 
r thee me OF State variables. In particular, the assumed 
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i ie L Assumption 3: Default-free bond-price 
: a dynamics — Bond returns are assumed to be 


lowing as 
i a 2 described by Itô stochastic processes with con- 
l 


1 + and Scholes formulation and for exposition 
: = “convenience here, it is assumed that the risk- 
s instantaneous interest rate, r(t) =r, isa 
ge 5 : constant over time. 
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odel was ie. k sumed to prefer more to less. All investors are 
(19738 = assumed to agree on the function o? and on 
ia ; inf os ee 4 te ltô process characterization for the return 
sformulae i -Jnamics. It is not assumed that they agree on 
1971) aR <e expected rate of return, Q. 

o apply Ri 


nces to E k Samos 5: Functional dependence of 
ctual pubis k- < option-pricing formula—The option price 
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is assumed to be a twice-continuously differ- 
entiable function of the asset price, V, default- 
free bond prices, and time. 


In the particular case of a nondividend-paying 
asset (D, = 0) and a constant variance rate, 
g’, these assumptions lead to the Black- 
Scholes option-pricing formula for a 
European-type call option with exercise price 
L and expiration date T, written as 


(1) C(V,t)=VN(d) —Lexp(-r{T—1]) 
x N(d—ovT—1), 


where d = (In{V/L] + [r + o7/2][{T — 
t|)/ovT — t and N( ) ts the cumulative 
density function for the standard normal 
distribution. 

Subsequent research in the field proceeded 
along three dimensions: applications of the 
technology to other than financial options 
(which is discussed in the next section); em- 
pirical testing of the pricing formula, which 
began with a study using over-the-counter data 
from a dealer’s book obtained by Black and 
Scholes (1972); and attempts to weaken the 
assumptions used in the derivation, and 
thereby to strengthen the foundation of the ap- 
plications developed from this research. The 
balance of this section addresses issues of the 
latter dimension. 

Early concerns raised about the mode?’ s 
theoretical foundation came from John B. 
Long (1974) and Clifford W. Smith, Jr. 
(1976), who questioned Assumption 5: 
namely, how does one know that the option 
prices do not depend on other variables than 
the ones assumed (for instance, the price of 
beer), and why should the pricing function be 
twice-continuously differentiable? These con- 
cerns were resolved in an alternative deriva- 
tion in Merton (1977b) which shows that 
Assuniption 5 is-a derived consequence, not 

an assumption, of the‘analysis.° 


é As another instance of early questioning of the core 
model, a paper I refereed argued that Black-Scholes must 
be fundamentally flawed because a different valuation for- 
mula is derived from the replication argument if the R. L. 
Stratonovich (1968) stochastic calculus is used for mod- 


as. 
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A broader, and still open, research issue 1s 
the robustness of the pricing formula in the 
absence of a dynamic portfolio strategy that 
exactly replicates the payoffs to the option se- 
curity. Obviously, the conclusion on that issue 
depends on why perfect replication is not fea- 
sible as well as on the magnitude of the im- 
perfection. Continuous trading is, of course, 


- only an idealized prospect, not literally obtain- 


able; therefore, with discrete trading intervals, 
replication is at best only approximate. Sub- 
sequent simulation work has shown that within 
the actual trading intervals available and the 
volatility levels of speculative prices, the error 
in replication is manageable, provided, how- 
ever, that the other assumptions about the 
underlying process obtain. John C. Cox 
and Stephen A. Ross (1976) and Merton 
(1976a, b) relax the continuous sample-path 
assumption and analyze option pricing using a 
mixture of jump and diffusion processes to 
capture the prospect of nonlocal movements in 
the underlying asset’s return process.’ Without 
a continuous sample path, replication is not 
possible and that rules out a strict no-arbitrage 
derivation. Instead, the derivation of the 
option-pricing model is completed by using 
equilibrium asset pricing models such as the 
Intertemporal CAPM (Merton, 1973b) and the 
Arbitrage Pricing Theory (Ross, 1976a).° 
This approach relates back to the original way 
in which Black and Scholes derived their 
model using the classic Sharpe-Lintner 


eling instead of the It6 calculus. My report showed that 
while the paper’s mathematics was correct, its economics 
was not: A Stratonovich-type formulation of the under- 
lying price process implies that traders have a partial 
knowledge about future asset prices that the nonanticipat- 
ing character of the It6 process does not. The ‘‘paradox”’ 
is thus resolved because the assumed information sets are 
essentially different and hence, so should the pricing 
formulas. 


A 
Since a discontinuous sample-path price process for. 


the underlying asset rules out perfect hedging even with 
continuous trading but a continuous-sample-path process 
with stochastic volatility does not, there is considerable 
interest in testing which process fits the data better. See 
Eric Rosenfeld (1980), an early developer of such tests, 
and James B, Wiggins (1987). 

“The important Douglas T. Breeden (1979) 
Consumption-based Capital Asset Pricing Model, which 
was not published at the time of these papers, can also be 
used to complete those models. 


. functions of observable asset prices and time. } 


CAPM.’ There has developed a consideratj; 
literature on the case of imperfect replicatiog 3 
[cf., Breeden (1984), Hans Féllmer ang} 





Dieter Sondermann (1986), Steven Figlewsk P n 3 


(1989), Dimitris Bertsimas et al. (1997): ee 
Mark H. A. Davis (1997), and Marc Romam — 


and Nizar Touzi (1997)]. 


replication problem for a derivative security 


linked to an underlying asset that“is not‘ contir: A 


tradability is the circumstance for several im ķ& 
portant classes of applications that have evolved a 


among others, the pricing of financial guarantees ‘ 


such as deposit and pension insurance and the £. 


valuation of nonfinancial or ‘‘real’’ options, f} 
Since the Black-Scholes model was derived by # 
assuming that the underlying asset is continu § 
ously traded, questions have been raised about § 
whether the pricing formula can be properly ap § 
plied in those applications. The derivation fob Ẹ 
lows along the lines presented in Merton # 
(1977b, 1997b) for the perfect-replication case. f 

A derivative security has contractually de- Į: 
termined payouts that can be described byt 


These payout functions define the derivative. ; 
The terms are expressed as follows: 


Let W(t) 
= price of a derivative security at time. 
(2) If V(t) 2 V(t) for0 =t<T, 
then W(t) = f[ V(x), t}; : 
If V(t) = V(t) for0 =t< T, 
then W(t) = g[ V(r), t]; | 

ift=T, then W(T) =ALV(T)]. 


? See Black (1989) and Scholes (1998). Fischer Black & 
always maintained with me that the CAPM-version of thë Ẹ; 
option-model derivation was more robust because contin- f 
uous trading is not feasible and there are transactions ¥ 
costs. As noted in Merton (1973a p. 161), the discrete ; 
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$ $ co =i < T, the derivative security receives 
gor ent flow rate specified by D,(V, t) . The 
arms as described in (2) are to be inter- 
Wed as follows: the first time that V(r) = 
| Br) or V(t) £ V (t), the owner of the deriv- 
ese must exchange it for cash according to 
EE schedule in (2). If no such events occur 
tiie y < T, then the security is redeemed at t = 
Wee for cash according to (2). T is called the 
ot cont F aturity date (or expiration date, or redemp- 
/ITODM#S on date) of the derivative. The derivative se- 
any tig urity is thus defined by specifying the 
low, nogg-ontingent payoff functions f, g, h, D2, and T. 
veral Wy some cases, the schedules or the boundaries 
e evolyge7(1) and V(t) are contractually specified; in 
b,incl @ others, they are determined endogenously as 
ruaran fe part of the valuation process, as in the case of 
e and tithe early-exercise boundary for an American- 
’ optio vpe option. 
lerived Be": By caine restrictions, the derivative se- 
s contimfgurity will have limited liability if and only if 
ised abate = 0, h = 0, f= 0, and D,(0, t) = 0. 
operly ag": If (as drawn in Figure 1) the boundaries 
vation fä BY. (t), and V(t) are continuous functions, then 
n Mert: because V(t) has a continuous sample path in 
ation casé} by Assumption 2, one has that: (1) if 
tually dae (1) < V (t) for some t, then there is a t, t < 
cribed W}, so that V(t) = V (t); and (ii) if V(t) > 
and time (1) for some ¢, then there is at, t < ft, so 
derivativggsthat V(t) = V(t). Hence, in this case, the in- 
fequalities for V can be neglected in (2) and 
the only relevant region for analysis is 
RV(t)sV(t)=V(t),0Ost=sT. 
a Ri With the derivative-security. characteristics 
at time í. k fully specified, we turn now to the fundamen- 
ytal production technology for hedging the risk 
Ẹ Of issuing a derivative security and for evalu- 
§.ating the cost of its production. To locate the 
[ V(r), t]esderivation in a more substantive framework, I 
. ¿posit a hypothetical financial intermediary that 
creates derivative securities in principal trans- 
factions for its customers by selling them con- 
tracts which are its obligation. It uses the 


[V (e), t] 
- Capital markets or transactions with other in- 


irr 
S 


VIT] > ; Stitutions to hedge the contractual liabilities so 
Created by dynamically trading in the under- 
Fischer Blade. lying securities following a strategy designed 
$ t0 reproduce the cash flows of the issued con- 
tý tracts as accurately as it can. If the interme- 
diary cannot perfectly replicate the payoffs to 


), the discretffirp < ae ug ae : 
tte Issued derivative, it either obtains adequate 


T, 


-version of 


also gives hẹ. ~. , i ae 
ition.  i¢*Quity to bear the residual risks of its imper- 
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FIGURE 1. RELEVANT REGION OF V: 
VinosVipneV(),0s1r=T 


fectly hedged positions or it securitizes those 
positions by bundling them into a portfolio for 
a special-purpose financial vehicle which it 
then sells either in the capital market or to a 
consortium of other institutions in a process 
similar to the traditional reinsurance market. 
Although surely a caricature, the following de- 
scription is nevertheless not far removed from 
real-world practice. 

The objective is to find a feasible, continuous- 
trading portfolio strategy constructed from all 
available traded assets including the riskless 
asset that comes ‘‘closest’’ to satisfying the 
following four properties: if P(t) denotes the 
value of the portfolio at time ¢, then for 0 = ¢ 
= T: 


(i) att, if V(t) = V (t), then P(t) = 
siy (t), t];  _ 7 
(ii) att, if V(t) = V(t), then P(t) =f[V(2), 
t]; | 
(iii) for each t, the payout rate on the port- 
folio is D: (V, t)dt; 
(iv) att = T, P(T) = hi V(T)]. 


Call this portfolio the ‘‘hedging portfolio’* for 
the, derivative security defined by (2). That 
portfolio is labelled as “‘portfolio (*).’’ In the 
special, but important, case in which the port- 
folio meets the above conditions exactly, the 
hedging portfolio is called the ‘‘replicating 
portfolio’’ for the derivative security. 
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Bertsimas et al. (1997) study the comple- 
mentary problem of ‘‘closeness’’ of dy- 
namic replication where they assume that 
one can trade in the underlying asset but that 
trading is not continuous. They apply sto- 
chastic dynamic progtamming to derive op- 
timal strategies to minimize mean-squared 


tracking error. Thèse strategies are then-em- .. . 


ployed in simulations to estimate quantita- 
tively how close one can get to dynamic 
completeness. 

I determine the optimal hedging portfolio 
in two steps: first, find the portfolio strategy 
constructed from all continuously traded as- 
sets that has the smallest ‘‘tracking error’’ in 
replicating the returns on the underlying as- 
set. For the underlying asset with price V, I 
call this portfolio, the ‘‘V-Fund.”’ In the sec- 
ond step, derive the hedging portfolio for the 
derivative security as a dynamic portfolio 
Strategy mixing the V-Fund with the riskless 
asset. 

Let $; (t) denote the price of continuously 
traded asset 7 at time t. There are n such risky 
assets plus the riskless asset which are traded 
continuously. The dynamics for S; are as- 
sumed to follow a continuous-sample-path Itô 
process given by 
(3) dS; = a; 8; dt + o;5; AZ; , i=1,...,H, 
where a; is the instantaneous expected rate of 
return on asset i; dZ; is a Wiener process; o; 
is the instantaneous covariance between the re- 
turns on i and j [that is, (dS,/S;)(dS,/S;) = 
oat and ca = a7]; let n; be defined as the 
instantaneous correlation between dZ, and dZ 
in Assumption 2 such that dZ;dZ = n; dt. Let 
S(t) denote the value of the V-Fund portfolio 
and let w;(t) denote the fraction of that port- 
folio allocated to asset i, i = 1, ..., n, at time 
t. The balance of the portfolio’s assets are in- 
vested in the riskless asset. The dynamics for 
S can be written as 


(4) dS =[uS — D,(V,1t)]dt + 6Sdq, 


where u = r + 27_, w,(t)[a; — r], 6? = 
Lint B= wilt)w(t)o,;, and dg = [Ef 
w,(t)o; dZ, 1/6. 

To create the V-Fund, the w; are chosen 
so as to minimize the unanticipated part of 





o asset and the traded portfolio’s te. ` t 
turn. That is, at each point in time, th 3 
portfolio allocation is chosen so as to mini. + 
mize the instantaneous variance of [dS/S~ $: 
dV/V]. As shown in Merton (1992, Theo. § ` 
rem 15.3 p. 501), the portfolio rule that dog § 

this is given by 4 


(5) w(t) =O > Uu kk» i = F vee NÑ, ; 

k=l $. 
where vy is the kth-ith element of the invers $ 
of the variance-covariance matrix of the re f 
turns on the n risky continuously traded assets, f 
From Merton (1992 p. 502), the instantaneous Ẹ 
correlation between the returns on the V -Fund £ 
and the underlying asset, p dt = dZ dq, can b { 
written as - 


n n 1/2 
(6) p= ( » >, woven 
k 


=li=] 


and 
(7) 6 = po. 


The dynamics of the tracking error can thus be | 
written as : 


(8) dS/S — dV/V = (u — a)adt + 6db, 


where 6? = (1 — p”)o? and the Wiener pro } 
cess db = (p dq — dZ)/V1 — p°. As shownit | 
Merton (1992 equation 15.51), it follows that { 


(9) dS,/S;db = 0, be ],.., n. 


That is, the tracking error in (8) is uncorit ¥. 
lated with the returns on all traded assets, Ẹ- 
which is a consequence of picking the port |. 
folio strategy that minimizes that error. 

With this, we now proceed with 2f 
‘‘cookbook-like’’ derivation of the production Ẹ 
process for our hypothetical financial inter f. 
mediary to best hedge the cash flows of th {i 
derivative securities it issues. The derivatio? §; 
begins with a description of the activities fo Ẹ; 
the intermediary’ s quantitative- -analysis Ẹ. 
(‘‘quant’’) department which is responsible §- 
for gathering the variance-covariance infot $, 
mation necessary to use (5) to construct ai’ @: 





Se, 


Se Doe 


rm 88 NO. 3 


on thjpai the V-Fund. portfolio. It is also as- 
| tfolio’jed the responsibility to solve the following 
“time f par parabolic partial differential equation 
as to mF y, t}: 
of [ asi 
/ 992, 


le thatë j) 05 30°(V, t)V? FLV, t] 


Pir VS DW, t) | FLV, t] 
=la — rF{V, t] + AV, t] + Da(V, t) 


f the invgject to to the boundary conditions: for V (ft) 
x of they = V(t) andt <T, 


raded asy 
1gtantang ) FIV(t), t] = f[V(), t] = 0; 
‘1 the V -Fg 
Zdq,caQ) FUV (t), t] = g[V(2), t] = 0; 
3) FLV, T] = A[V] = 0, 
1/2 
) here Fu = 8? F/18V?, F, = OF IOV; and 


` „= OF/Ot. Note that the nonnegativity con- 
tions in (11)—(13) together with D,(0, t} = 
implies that the derivative security has lim- 
d liability. As a mathematical question, this 
a well-posed problem, and a solution to 
or can thus0)-(13) exists and is unique. 
Having solved for the function FLV, t], the 
lant department has the prescribed ongoing 
dt + Odb, ks at each time + (0 = t = T) to: 





2 Wiener Ñi) ask the trading desk for the prices of all 
RA showis ‘traded assets necessary to determine the 
it follows È price S(t) of the V-Fund and the best 
è estimate of the current price of the un- 
E derlying asset, V(t); 

Hii) compute from the solution to (10)—(13) 
8) is uncot! 
traded ass 
sking the poe | 

at error, fli) tell the trading desk that the strategy of 


Ni peber 


M(t) = FLV(t), t] V(t); 


ceed with? portfolio (*) requires that $M(t) be in- 
‘the producti# vested in the V -Fund for the period t to 
`- financial in t+ dt: 


h flows of ÈY) compute Y(t) = 
The derivati Y(t) in the intermediary’s data files for 
1e activities% (later) analysis of the time series (i.e., 
t five-analyt d Stochastic process) Y(t). 





‘The prescription for the execution or 
fading-desk activities of the intermediary is 


FIV), t and store ` 
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as follows: At time t = 0, give the trading 
desk $P(0) as an initial funding (invest- 
ment) for portfolio (*) which contains the 
V -Fund asset and the riskless asset. Let P(t) 
denote the value of portfolio (*) at rt, after 
having made any prescribed cash distribu-- 
tion (payment) from the portfolio. The trad- 
ing desk has the job at each time +(O st = 
T) to: 


(a) determine the current prices of the under- 
lying asset, V(t) and all individual 
traded assets held in the V-Fund, and 
send that price information to the quant 

- department; 

(b) pay a cash distribution of $D,[V(t), t]dt > 
to the customer holding the derivative se- 
curity, by selling securities in the portfo- 
lio (if necessary ); 

(c) compute the value of the balance of the 
portfolio, P(t); 

(d) receive instructions on M(t) from the 
quant department; 

(e) readjust the portfolio allocation so that 
$M(t) is now invested in the V -Fund and 
$[ P(t) — M(t)] is invested in the riskless 
asset. 


It follows that the dynamics for the value of 
portfolio (*) are given by 


(14) aP = M(t) MG nn 4, 
+ [ P- M(t) |rdt — D,(V, t)dt 


where 


M(t) = = price appreciation; 


My ee D; ere t) i 


M nG g received into the portfolio; 


= dividend payments 


[P — M(t) | rdt 
= interest earned by the portfolio; 


D-(V, t)dt = cash distribution to customer. 
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Noting that M(t) = F,[V, t]V, one has by sub- 
stitution from (4) into (14) that the dynamics 
of P satisfy 
(15) dP = F,[V, t]VdS/S 
bees. + RIV, VD, t)/S 
+ (P — F\[V, t]V )rdt 
— D,(V jdt 
= [ F, V(u — r) + rP — D] dt 
+ F\Védgq. 


Return now to the quant department to de- 
rive the dynamics for Y(t). From (iv), one 
has that Y(t) = F[V, t] for V(t) = V. Because 
F is the solution to (10)—(13), F is a twice- 
continuously differentiable function of V and 
t. Therefore, we can apply Itô’s lemma, so that 
for V(t) = V, 


(16) dY=F,[V,t]dV + F.[V, t]dt 
+35F LV, t](dV)? 
= [$0°V°F,, T F: (&V — D,) 


+ Fj dt + F,VodZ 


because (dV)? = o?V dt. Because FTV, t] sat- 
isfies (10), one has that 


(17) 4e?°V2F.,—- DF, +F, 
= rF —rVF, — Dp. 


Substituting (17) into (16), one can rewrite 
(16) as 


(18) dY¥=[F\(a-—r)V + F-—D,]dt 
+F iVo dz. 
Note that the calculation of Y(t) and its dy- 
namics by the quant department in no way re- 


quires knowledge of the time series of values 
for portfolio (*), {P(t)}, that are calculated 


by the trading desk. Putting these two time gy. ee 
ries together, we define Q(t) = P(t) — Y(n. Ex 
It follows that dQ = dP — dY. Substituting fo, F ` 
dP from (15) and for dY from (18), rearrang. F* 


ing terms using (8), one has that 
(19) dQ=rQdt+ F,\V(dS/S — dV/V) 


= (rQ + F,V[u — al)at 


+ F, Vôdb. 


At this point, I digress to examine the spe. Ẹ 
cial case in which perfect replication of the ¢ 
return on the underlying asset obtains (i.e, f 
p = 1 and there is no tracking error). In tha} 
case, equation (19) reduces to an ordinary dif ‘ 


ferential equation (Q/Q = r) with solution 


(20) Q(t) = Q(0)exp(rt) 


where O(0) = P(O) — Y(O) = P(0)-; 
F{V(0), Ol. Therefore, if the initial funding } 
provided to the trading desk for portfolio (*) i 
is chosen so that P(O) = F[V (0), 0], then} 


from (20), Q(t) = Q0 for all ¢ and 


(21) P(t) = F[V(t), t]. 


By comparison of (11)—(13) with (2), one į 
has from (21) that the (*)-portfolio strategy } 
generates the identical payment flows and ter- §: 
minal (and boundary) values as the derivative { 
security described at the outset of this analysis. Ẹ 
. That is, for a one-time, initial investment of Ẹ 
$ FIV (0), 0], a feasible portfolio strategy has Ẹ 
been found that exactly replicates the payoffs Ẹ 
to the derivative security. Thus, $F[V (0), 0] Ẹ 
is the cost to the intermediary for producing # 
the derivative. If the derivative security is ¥ 
traded, then to avoid (‘‘conditional’’) arbi- §: - 
trage (conditional on c, r, D,), its price must fF. 


satisfy 


(22) W(t) = P(t) = F[V(s),¢t]- 


Since the absence of arbitrage opportunities is § 
a necessary condition for equilibrium, it fol f 
lows that equilibrium prices for derivative se $ 
curities on continuously tradable underlying $: 
assets must satisfy (22). This is, of course, thé 
original Black-Scholes result and the V-Fund &. - 


w r 













a . i derlying 
ae tes into a single asset, the un i 
E eene f. However, note that (22) obtains 
aS out assuming that the derivative-pricing 
ae ction is a twice-continuously differentiable 
Bon of V and t. The smoothness of 
Be ine pricing function is instead a derived 
. oe clusion. 
X Bo Note further that the development of the 
es \-nortfolio strategy did not require that the 
Se derivative security [defined by (2)] actually 


Do] 












Ta in the capital market. The (*)-portfolio 


(t)}, then the (*)-portfolio strategy pro- 
È vides the trading rules to create this pattern of 
E payouts and it specifies the cost of imple- 
] E menting those rules. The cost of creating the 












z 
T g 


Ac obtains as the formula for equilibrium prices 
k: of derivatives sold directly by intermediaries. 
© Returning from this digression to the case 
E -of imperfect replication, one has, by construc- 
tion of the process for Y, that Q = P — Y is 
2), on “tthe cumulative arithmetic tracking error for the 
n% -hedging portfolio. By inspection of (19), the 
Ms < instantaneous tracking error for the derivative 
We; Security is perfectly correlated with the track- 
‘ing error of the V-Fund. Hence, from (9), it 
tment follows that the tracking error for the hedging 
ategy hags. Portfolio is uncorrelated with the returns on all 
a payofig = Continuously traded assets. Using this lack of 
V (0), Ol: correlation with any other traded asset, I now 
wroducing : argue that in this case the replication-based 
>curity iġ& Valuation can be used for pricing the derivative 
g security even though replication is not 
if: feasible. 


a 


BS. Pea 
tt 












i terest. The condition satisfied by- the 
um, it folf Wacking-error component of the hedging port- 


k folio Satisfies an even stronger no-correlation 
tA 


ir condition than either a zero-beta asset in the 
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DD 


Arbitrage Pricing Theory. Thus, by any of 
those theories, the equilibrium condition from 
either (8) or (19) is that 

(23) u= a. 

If (23) obtains, it follows immediately that the 
equilibrium price for the derivative security is 
F[V (t), t], the same formula ‘‘as if” the un- 
derlying asset is traded continuously. And as 
a consequence, the Black-Scholes formula 
would apply even in those applications in 
which the underlying asset is not traded. 

As is well known from the literature on in- 
complete markets, (23) need not obtain if the 
creation of the new derivative security helps 
complete the market for a large enough subset 
of investors that the incremental dimension of 
risk spanned by this new instrument is 
‘‘priceďd”’ as a systematic risk factor with an 
expected return different from the riskless in- 
terest rate. Markets tend to remain incomplete 
with respect to a particular risk either because 
the cost of creating the securities necessary to 
span that risk exceeds the benefits, or because 
nonverifiability, moral-hazard, or adverse- 
selection problems render the viability of such 
securities untenable. Generally, major macro 
risks for which significant pools of investors 
want to manage their exposures are not con- 
trollable by any group of investors, and it is 
unlikely that any group would have systematic 
access to materially better information about 
those risks. Hence, the usual asymmetric- 
information and incentive reasons given for 
market failure do not seem to be present. In 
systems with well-developed financial insti- 
tutions and markets and with today’s financial 
technology, it is thus not readily apparent what 
factors make the cost of developing standard- 
ized derivative markets (e.g., futures, swaps, 
options) prohibitive if, in large scale, there is 
a significant premium latently waiting to be 
paid by investors who currently participate in 
the markets. On a more prosaic empirical note, 
in most applications of the option-pricing 
model, the ‘‘residual’’ -or tracking-error vari- 
ations are likely to bé specific to the underly- 
ing project, firm, institution, or person, and 
thereby they are unlikely candidates for 
macro-risk surrogates. These observations 

‘support the prospects for (23) to obtain. 


y- 
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However, the risk need not be macro in ` 


scope in order to be significant to one investor 
or a small group of investors. Obvious exam- 
ples of such risks would be various firm- or 
person-specific components of human capital, 
including death and disability risks. To make 
a case for instruments with these types of ex- 
posures to be pricéd with a risk premium, 
incomplete-market models often focus on the 

‘““incipient-demand’’ (or “‘maximum reserva- 
tion’’) price or risk premium that an investor 
would pay to eliminate a risk that is not cov- 
ered in the market by the existing set of se- 
curities. In the abstract, that price, of course, 
can be quite substantial. However, arguments 
along these lines to explain financial product 
pricing implicitly assume a rather modest and 
static financial services sector. A classic ex- 
ample is life insurance. Risk-averse individu- 
als with families may, if necessary, be willing 
to pay a considerable premium for life insur- 
ance, well in excess of the actuarial mortality 
risk, even after taking into account moral- 
hazard and person-specific informational 
asymmetries. Moreover, if the analysis further 
postulates a financial sector so crude that bi- 
lateral contracts between risk-averse individ- 
uals are the only way to obtain such insurance, 
then the equilibrium price for such insurance 
in that model can be so large that few, if any, 
contracts are created. But, such models are a 
poor descriptor of the real world. If the insti- 
tutions and markets were really that limited, 
the incentives for change and innovation 
would be enormous. Modern finance technol- 
ogy and experience in implementing it provide 
the means for such change. And if, instead, 
one admits into the model just the classic 
mechanism for organizing an ‘‘insurance’’ in- 
stitution (whether government-run or private 
sector) to take advantage of the enormous di- 
versification benefits of pooling such risks and 
subdividing them among large numbers of par- 
ticipants, then the equilibrium price equals the 
‘‘supply’’ price of such insurance contracts 
which approaches the actuarial rate. — 

As is typical in analyses of other industries, 
the equilibrium prices of financial products 
and services are more closely linked to the 
costs of the efficient producers than to the in- 
efficient ones (except perhaps as a very crude 
upper bound to those prices ). Furthermore, the 







institutional structure of the financial system, $- itg 
neither exogerious nor fixed. In theory and} ae : 
practice, that structure changes in TESpONse 4 g: ee 
changing technology and to profit opportu; §. bee 
ties for creating new products and exist a ES 
products more efficiently. As discussed ag = 
length elsewhere (Merton, 1992 pp. 457-0 f: “anv 
535-36), a financial sector with a rich ay§ ed 
well- -developed structure of institutions af s- hien 
justify a ‘‘quasi- -dichotomy”’ modeling ap £ “snti 
proach to the pricing of real and financig f- Jan 
assets that employs ‘‘reduced-form’’ equilib §: 
rium models with a simple financial sector jy # = 
which all agents are assumed to be minimum l 
cost information processors and transacton, É ~¥no 
However, distortions of insights into the redf jp’ 
world can occur if significant costs for thf “wit 
agents are introduced into the model whileth#  g 
simple financial sector is retained as an un? (5) 
changed assumption. Put simply, high trans§  §(1 
action and information costs for most of the® for. 
economy’s agents to directly create their ow ont 
financial products and services does not implyf nar 
that equilibrium asset prices are influenced by } 
those high costs, as long as there is an efficien į - (2% 
financial service industry with low-cost, rea } 
sonably competitive producers. : It: 
In considering the preceding technical ana-|  X( 
ysis, one might wonder if there are relevati wi 
situations in which the price is observable but} th 
trade in the asset cannot take place? One com-f tia 
mon class of real-world instances is character to 
ized as follows: consider an insuranct § 
company that has guaranteed the financial per- $ 
formance of the liabilities of a privately held { 
Opaque institution with a mark-to-market port } 
folio of assets. The market value of that port Ẹ 
folio (corresponding to V in the analysis here) Ẹ. 
is provided to the guarantor on a continuous } 
basis, but the portfolio itself cannot be traded Ẹ. 
by the guarantor to hedge its exposure because f 
it does not know the assets held within the 4 
portfolio. Elsewhere (Merton, 1997a), I have f 
developed a model using an alternative ap Ẹ 
proach of incentive-contracting combineé § 
with the derivative-security technology to at Ẹ 
alyze the problem of contract guarantees fo! € 
an opaque institution. It is nevertheless tht ¥ 
case that discontinuous tradability of an assé 7 
is often accompanied by discontinuous obser j: 
vations of its price. And so, the combination fe - +: 
of the two warrants attention. Hence, I conr $> 
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“his section with consideration of how to 
Ges fy the valuation formula if the price of 
Wiis underlying asset V is not continuously 
. Waticervable. 

YS uppose that in the example adopted in this 
Gee. on, the price of the underlying asset is ob- 
Sed at t = 0 and then again at the maturity 
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ach g E$ he derivative contract, ¢ = T. In between, 
Se is neither direct observation nor infer- 
| RE @ tial information from payouts on the asset. 


D,(V, t) = 0, and the derivative se- 
rity has no payouts or interim “‘stopping 
nts” prior to maturity [as specified in (11) 
Wad (12)] contingent on V(t). It is however 
WEnown that the dynamics of V are as described 

Wa Assumption 2 with a covariance structure 

i for Rrvith available traded assets sufficiently well 
While ecified to construct the V -Fund according to 
S an w (5). Define. the random variable X (t) =. V (t)/ 
gh traf gy), the cumulative proportional tracking er- 
st of Aror, with X (0) = 1. By applying Ito’s lemma, 
heir ogne has from (8), (9), and (23) that the dy- 
lot Imp namics for X can be written as 


dX = @Xdb. 


Bilence, 


a4 


encedim's 
! effici (24) 
cost, mg: 
dBW follows from (24) that the distribution for 
ical an&iX (1), conditional on X (0) = 1, is lognormal 
: releva with the expected value of X (t) equal to 1 and 
vable W ihe variance of In[X (t) ] equal to 8°t. The par- 
One cog me tial differential equation for F, corresponding 
characta to (10), that determines the hedging strategy 
nsurandg uses as its independent variable the best esti- 
incial pamate of V(t), which is S(t), and it is written 
aiely helt as | 

arket por” 

(25) 0 = 36°S?F,,[S, t] + rSFLS, t] 


f 
:ontinuo p — rF S, t] + RS, t], 


b 








f 
on 
ape 


“(subject to the terminal-time boundary condi- 


re becaus¢: 
within th;tion that for S(T—) = S, 
A); A 
native apg; (26) F{S, T] = E{h(SX)}, 
- combine: 
ogy to at% Where h is as defined in (13), X is a.log- 
rantees fo Normally distributed random variable with 
theless thig-£{X } = 1 and variance of In[ X ] equal to 0°T 
of an asst: @ndE{ — } is the expectation operator over the 
$: distribution of X. 


ombinatiolf: Condition (26) reflects the fact that for all 
ice, I coms! < T, the best estimate of V(t) is S(t). How- 


Aye 
$. ia 
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ever, att = 7, V(T) is revealed and the value 
of S “‘jumps’’ by the total cumulative tracking 
error of X(T) from its value S at t = T— to 
S(T) = V(T). The effect of the underlying 
asset price not being observable is perhaps 
well illustrated by comparing the solution for 
the European-type call option with the classic 
Black-Scholes solution given here in (1). The 
solution to (25) and (26) with h(V) = max[0, 
V — Lj is given by, for0 < t < T, 


(27) FILS, t]) 


= SN(u) — Lexp(—r{T — t]) 
x N(u — Vy), 


where u = (In{S/L] + r[T — t] + y/2)/Vy, 
y = (T — t) + 8T, and N(_) is the cu- 
mulative density function for the standard nor- 
mal distribution. 

By inspection of (1) and (27), the key dif- 
ference in the option-pricing formula with and 
without continuous observation of the under- 
lying asset price is that the variance over the 
remaining life of the option does not go to zero 
as ¢ approaches T, because of the ‘‘jump”’ 
event at the expiration date corresponding to 
the cumulative effect of tracking error. 

This section has explored conditions under 
which the Black-Scholes option-pricing model 
can be validly applied to the pricing of assets 
with derivative-security-like structures, even 
when the underlying asset-equivalent is nei- 
ther continuously traded nor continuously ob- 

servable. A fuller analysis of this question 
would certainly take account of the additional 
tracking error that obtains as a consequence of 
imperfect dynamic trading of the V -Fund port- 
folio, along the lines of Bertsimas et al. 
(1997). However, a more accurate assessment 
of the real-world impact should also take into 
account other risk-management tools that in- 
termediaries have to reduce tracking error. For 
instance, as developed in analytical detail in 
Merton (1992 pp. 450-57), intermediaries 
need only use dynamic trading to hedge their 
net derivative-security exposures to various 
underlying assets. For a real-world interme- 
diary with a large book of various derivative 
products, netting, which in effect extends the 
capability for hedging to include trading in 
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securities with “‘nonlinear’’ payoff structures, 
can vastly reduce the size and even the fre- 
quency of the hedging transactions necessary 
to achieve an acceptable level of tracking er- 
ror. Beyond this, as part of their optimal risk 
management, intermediaries can ‘“‘shade’’ 
their bid and offer prices among their various 
products to encourage more or less customer 
-+ -activity in different products to help manage 
their exposures. The limiting case when the net 
positions of customer exposures leaves the in- 
termediary with no exposure is called a 
‘matched book.” 


Il. Applications of the 
Option-Pricing Technology 


Open the financial section of a major news- 
paper almost anywhere in the world and you 
will find pages devoted to reporting the prices 
of exchange-traded derivative securities, 
both futures and options. Along with the vast 
over-the-counter derivatives market, these 
exchange markets trade options and futures on 
individual stocks, stock-index and mutual- 
fund portfolios, on bonds and other fixed- 
income securities of every maturity, on 
currencies, and on commodities including ag- 
ricultural products, metals, crude oil and re- 
fined products, natural gas, and even, 
electricity. The volume of transactions in these 
markets is often many times larger than the 
volume in the underlying cash-market assets. 
Options have traditionally been used in the 
purchase of real estate and the acquisition of 
publishing and movie rights. Employee stock 
options have long been granted to key em- 
ployees and today represent a significantly 
growing proportion of total compensation, es- 
pecially for the more highly paid workers in 
the United States. In all these markets, the 
same option-pricing methodology set forth in 
the preceding section is widely used both to 
price and to measure the risk exposure from 
these derivatives (cf., Robert A. Jarrow and 
Andrew T. Rudd [1983] and Cox and Mark 
Rubinstein [1985]). However, financial op- 
tions represent only one of several categories 
of applications for the option-pricing 
technology. 

_ In the late 1960’s and early 1970’s when the 
basic research leading to the Black-Scholes 


` thi8 Sort was the pricing of corporate liabilj 











JUNE 


model was underway, options were see 
rather arcane and specialized financial i 
ments. However, both Black and Schi 
(1972, 1973) and I (Merton [1970, 19 
recognized early on in the research effort 
the same approach used to price options 
be applied to a variety of other valuation 
lems. Perhaps the first major developme 


the ‘‘right-hand side’’ of the firm’s bal 
sheet. This approach to valuation treated 
wide array of instruments used to finance fi 
such as debentures, convertible bonds, y 
rants, preferred stock, and common stock 
well as a variety of hybrid securities ) as de 
ative securities with their contractual pay 
ultimately dependent on the value of the o 
all firm. In contrast to the standard fragme; 
valuation methods of the time, it provide 
unified theory for pricing these liabilities. 
cause application of the pricing methodo! 
does not require a history of trading in the 
ticular instrument to be evaluated, it was ` 
suited for pricing new types of financial 
curities issued by corporations in an inno 
ing environment. Applications to corpo 
finance along this line developed rapidly. 

‘“‘Option-hike’’ structures were soon see 
be lurking everywhere; thus there came ar 
plosion of research in applying option-pri 
which still continues. Indeed, I could no 
full justice to the list of contributions a 
mulated over the past 25 years even if this 
tire paper were devoted to that endea 
Fortunately, a major effort to do just thi 
underway and the results will soon be a 
able (Jin et al., 1998). The authors have | 
erously shared their findings with me. Anc 
I can convey here some sense of the bre: 
of applications and be necessarily incomy 
without harm. 

The put option is a basic option which g 
its owner the right to sell the underlying a 
at a specified (““exercise’’ ) price on or be 
a given (“‘expiration’’ ) date. When purchi 
in conjunction with ownership of the un 


'° See Merton (1992 pp. 423-27) for an extensiv 
of references. See also Gregory D. Hawkins (1982, 
Michael J. Brennan and Eduardo S. Schwartz (1985a 
the early empirical testing by E. Philip Jones et al. (1$ 


asset, it is functionally equivalent to an 

ce policy that protects its owner against 
Bs pnomic loss from a decline in the asset’s 
eS ue below the exercise price for any reason, 

K where the term of the insurance policy corre- 
sponds to the expiration date. Hence, option- 

ricing theory can be applied to value 
insurance contracts. An early insurance appli- 
cation of the Black-Scholes model was to the 
E pricing of loan guarantees and deposit insur- 
fe ance (cf, Merton, 1977a). A contract that in- 
sures against losses in value caused by default 
on promised payments on a contract in effect 

& js equivalent to a put option on the contract 
etive? with an exercise price equal to the value of the 
i contract if it were default free. Loan and other 
‘Ee contract guarantees, collectively called credit 
(fe derivatives, are ubiquitous in the private sec- 
“= tor. Indeed, whenever a debt instrument is pur- 
Æ chased in which there is any chance that the 
promised payments will not be made, the pur- 
chaser is not only lending money but also in 
effect issuing a loan guarantee as a form of 
self-insurance. Another private-sector appli- 
cation of options analysis 1s in the valuation of 
catastrophic-insurance reinsurance contracts 
and bonds.'! Dual funds and exotic options 
provide various financial-insurance and 
minimum-return-guarantee products. '? 

Almost surely, the largest issuer of such 
guarantees are governments. In the United 
States, the Office of the Management of the 
Budget is required by law to value those guar- 
antees. The option model has been applied to 
assess deposit insurance, pension insurance, 
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‘before Gatto et al. 1980), and René M. Stulz (1982). In an early 

chased real-world application, Myron Scholes and I developed the 

peas first options-strategy mutual fund in the United States, 

Money Market/Options Investments, Inc., in February 

1976. The strategy, which invested 90 percent of its assets 

in money-market instruments and 10 percent in a diver- 

sified portfolio of stock call options, provided equity ex- 

smsive list 2 Posure on the upside with a guaranteed ‘‘floor’’ on the 

982) and value of. the portfolio. The return patterns from this and 

385a) and Similar ‘‘floor’’ strategies were later published in Merton 
L. (1984). et al. (1978, 1982). 
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guarantees of student loans and home mort- 
gages, and loans to small businesses and some 
large ones as well.'* The application to gov- 
ernment activities goes beyond just providing 
guarantees. The model has been used to deter- 
mine the cost of other subsidies includ- 
ing farm-price supports and through-put guar- 
antees for pipelines.'* It has been applied to 
value licenses issued with limiting quotas such 
as for taxis or fisheries or the right to pollute 
and to value the government’s right to change 
those quotas.'” Government sanctions patents. 
The decision whether to spend the resources 
to acquire a patent depends on the value of the 
patent which can be framed as an option- 
pricing problem. Indeed, even on something 
that is not currently commercial, one may ac- 
quire the patent for its ‘‘option value,’’ should 
economic conditions change in an unexpected 
way.'° James L. Paddock et al. (1988) show 
that option value can be a significant propor- 
tion of the total valuation of government- 
granted offshore drilling rights, especially 
when current and expected future economic 
conditions would not support development of 
the fields. Option-pricing analysis quantifies 
the government’s economic decision whether 
to build roads in less-populated areas depend- 
ing on whether it has the policy option to aban- 
don rural roads if they are not used enough." 

Various legal and tax issues involving pol- 
icy and behavior have been addressed using 
the option model. Among them is the valuation 
of plaintiffs’ litigation options, bankruptcy 
laws including limited-lability provisions, tax 
delinquency on real estate and other property 
as an option to abandon or recover the prop- 
erty by paying the arrears, tax evasion, and 
valuing the tax “‘timing’’ option for the 


3 Howard B. Sosin (1980), Baldwin et al. (1983), 
Donald F. Cunningham and Patric H. Hendershott (1984), 
“Alan J. Marcus (1987), Merton and Zvi Bodie (1992), 
Bodie (1996), Ashoka Mody (1996), and Robert S: Ncal-- 
(1996). . 

'4 Scott P. Mason and Merton (1985), Calum G. 
Turvey and Vincent Amanor-Boadu (1989), and Taehoon 
Kang and B. Wade Brorsen (1995). 

'S James E. Anderson (1987) and Jonathan M. Karpoff. 
(1989). 

'6 Lenos Trigeorgis (1993). 

'7 Cathy A. Hamlett and C. Phillip Baumel (1990). 
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Capital-gains tax in a circumstance when only 
realization of losses and gains on investments 
triggers a taxable event.'® 

In a recent preliminary study, the options 
structure has been employed to help model the 
decision of whether the Social Security fund 
should invest in equities (Kenneth Smetters, 
1997). As can be seen in the option formula 
of the preceding section, the value of an option 
depends on the volatility of the underlying as- 
set. The Federal Reserve uses as one of its in- 
dicators of investor uncertainty about the 
future course of interest rates, the “‘implied’’ 
volatility derived from option prices on gov- 
ernment bonds." In his last paper, published 
after his death, Black (1995) applies options 
theory to model the process for the interest 
rates that govern the dynamics of government 
bond prices. In another area involving central- 
bank concerns, Perold (1995) shows how the 
introduction of various types of derivatives 
contracts has helped reduce potential 
systemic-risk problems in the payment system 
from settlement exposures. The Black-Scholes 
model can be used to value the ‘‘free credit 
option’’ implicitly offered to participants, in 
addition to ‘“‘float,’’ in markets with other than 
instantaneous settlement periods. See also 
Paul H. Kupiec and Patricia A. White (1996). 
The prospective application of derivative- 
security technology to enhance central-bank 
stabilization policies in both interest rates and 
currencies is discussed in Merton (1995, 
1997b). 

In an application involving government ac- 
tivities far removed from sophisticated and rel- 
atively efficient financial markets, options 


analysis has been used to provide new insights _ 


into optimal government planning policies in 
developing countries. A view held by some in 


- development economics about the optimal ed- 


ucational policy for less-developed countries 
is that once the expected future needs for 
labor-force composition are determined, the 


'8 George M. Constantinides and Ingersoll (1984), 
Brendan O'Flaherty (1990), William J. Blanton (1995), 
Paul G. Mahoney (1995), and Charles T. Terry (1995). 

'? Sylvia Nasar (1992). See Bodie and Merton (1995) 
for an overview article on implied volatility as an example 
of the informational role of asset and option prices. 
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and in the quantities needed. The alternatiy a er, if he 


of providing either more general education angf 


training in multiple skills or training in skil\j 
not expected to be used is seen as a “‘luxury"| 


that poorer, developing countries could not af} car lease- V 


ford. It, of course, was understood, that fore. $ 


casts of future labor-training needs were no 


‘zoht, after 


rest rate © 


put not the 
 prespecifie 


precise. Nevertheless, the basic prescriptiog} Health-cat 


formally treated them as if they were. In} 


Samantha J. Merton (1992), the question i 


revisited, this time with an explicit recognition? 
of the uncertainty about future labor require- f 
ments embedded in the model. The analysis} 
shows that the value of having the option tof 
change the skill mix and skill type of the labor | 


force over a relatively short period of time can 


exceed the increased cost in terms of longer $ 
education periods or less-deep training in any | 
one skill. The Black-Scholes model is used to į 
quantify that trade-off. In a different context į 
of the private sector in a developed country, | 
the same technique could be used to assess the | 


cost-benefit trade-off for a company to pay a 
higher wage for a labor force with additional 


skills not expected to be used in return for the | 
flexibility to employ those skills if the unex- 


pected happens. 


The discussion of labor education and train- | 


ing decisions and litigation and taxes leads 


naturally into the subject of human capital and } 
household decision-making. The individual | 
decision as to how much vocational education | 
to acquire can be formulated as an option- | 
valuation problem in which the optimal exer- $ 
cise conditions reflect when to stop training | 


and start working.” In the classic labor-leisure 
trade-off, one whose job provides the flexibil- 


ity to increase or decrease the number of hours } 
worked, and hence his total compensation, on § 
relatively short notice, has a valuable option } 
relative to those whose available work hours | 


are fixed.) Wage and pension-plan ‘‘floors”’ 


that provide for a minimum compensation, and Į 


even tenure for university professors (John G. 


McDonald, 1974), have an option-like struc- 
ture. Other options commonly a part of house- $ 
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| -y were, 5 -es of flexibility, a major one being whether 
| question ihe consumer agrees in advance to use only a 
| SMi especified set of doctors and hospitals 
quiets HMO plan’’) or he retains the right to 
-he analy’ gose an ‘‘out-of-plan’’ doctor or hospital 
p ae pnoy ié‘point-of-service”’ plan). In the consumer 
| ofthe late ing the decision on which to take and the 
-of time q Wealth insurer assessing the relative cost of 
is of long oviding the two plans, each solves an option- 
ung 1N ay pricing problem as to the value of that flexi- 
el is used ibility.” Much the same structure of valuation 
“ent contikiccurs in choosing between ‘‘pay-per-view’’ 
ed counttfind “‘flat-fee’’ payment for cable-television 
ʻO ASSESS Ieervices. 
AY to paĝ! Many of the preceding option-pricing ap- 
A addition’ ptications do not involve financial instruments. 
‘turn for tithe family of such applications is called 
if the unex real’” options. The most developed area for 
freal-option application is investment decisions 
n and traitsby firms. However, real-options analysis has 
taxes leatfaiso been applied to real-estate investment and 
| capital anfdevelopment decisions.2° The common ele- 
 Individuigment for using option-pricing here is the same 
al educatio€as in the preceding examples: the future is un- 
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ment, having the flexibility to decide what to 

‘do after some of that uncertainty is resolved 
definitely has value. Option-pricing theory 
provides the means for assessing that value. 

The major categories of options within 
project-investment valuations are: the option 
to initiate or expand; the option to abandon or 
contract; and the option to wait, slow down, or 
speed up development. There are ‘‘growth’’ 
options which involve creating excess capac- 
ity as an option to expand and research and 
development as creating the opportunity to 
produce new products and even new busi- 
nesses, but not the obligation to do so if they 
are not economically viable.” 

A few examples: For real-world application 
of the options technology in valuing product 
development in the pharmaceutical industry, 
see Nichols (1994). In the generation of elec- 
tric power, the power plant can be constructed 
to use a single fuel such as oil or natural gas 
or it can be built to operate on either. The value 
of that option is the ability to use the least- 
cost, available fuel at each point in time and 
the cost of that optionality is manifest in both 
the higher cost of construction and less- 
efficient energy conversion than with the cor- 
responding specialized equipment. A third 
example described in Timothy A. Luehrman 
(1992) comes from the entertainment industry 
and involves the decision about making a se- 
quel to a movie; the choices are: either to pro- 
duce both the original movie and its sequel at 
the same time, or wait and produce the sequel 
after the success or failure of the original is 
known. One does not have to be a movie- 
production expert to guess that the incremental 
cost of producing the sequel is going to be less 
if the first path is followed. While this is done, 
more typically the latter is chosen, especially 
with higher-budget films. The economic rea- 
son is that the second approach provides the 
option not to make the sequel (if, for example, 
the original is not a success). If the producer 
knew (almost certainly ) that the sequel will be 


” produced, then the option value of waiting for 


more information is small and the cost of 


27 W, Carl Kester (1984), Robyn McLaughlin and 
Robert A. Taggart (1992), and Terrance W. Faulkner 
(1996). 
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doing the sequel separately is likely to exceed 
the benefit. Hence, once again, we see that the 
amount of uncertainty is critical to the deci- 
sion, and the option-pricing model provides 
the means for quantifying the cost/benefit 
trade-off. As a last example, -Baldwin and 
Clark (1999) develop a model for designing 
complex production systems focused around 
the concept of modularity. They exemplify 
their central theme with several industrial ex- 
amples which include computer and automo- 
bile production. Modularity in production 
provides options. In assessing the value of 
modularity for production, they employ an 
option-pricing type of methodology, where 
complexity in the production system is com- 
parable to uncertainty in the financial one.” 

In each of these real-option examples as 
with a number of the other applications dis- 
cussed in this section, the underlying “‘asset’’ 
is rarely traded in anything approximating a 
continuous market and its price is therefore not 
continuously observable either. For that rea- 
son, this paper, manifestly focused on appli- 
cations, devotes so much space to the technical 
section on extending the Black-Scholes 
option-pricing framework to include nontrad- 
ability and nonobservability. 


II. Future Directions of Applications 


As I suggested at the outset, innovation is a 
central force driving the financial system to- 
ward greater economic efficiency with consid- 
erable economic benefit having accrued from 
the changes since the time that the option- 
pricing papers were published. Indeed, much 
financial research and broad-based practitioner 
experience developed: over that period have 
led to vast improvements in our understanding 
of how to apply the new financial technologies 
to manage risk. Moreover, we have seen how 


*8 See also Hua He and Pindyck (1992). On an entirely 
different application, Kester’s (1984) analysis of whether 
to develop products in parallel or sequentially could be 
applied to the evaluation of alternative strategies for fund- 
ing basic scientific research: is it better to support N dif- 
ferent research approaches simultaneously or just to 
support one or two and then use the resulting outcomes to 


Sequence future research approaches? See also Merton 
(1992 p. A . 


~ 






wide ranging are the applications of our tech, €: ‘ationa 
nology for pricing and measuring the risk o 3s 
derivatives. Nevertheless, there still remains f ys 
an intense uneasiness among managers, regy. foe 
lators, politicians, the press, and the public 4 SS 
over these new derivative-security activities $ =- 


and their perceived risks to financial instity. } -jal chi 
tions. And this seems to be the case eve f dificult 1 
though the huge financial disruptions, such a È ù our tri 
the savings-and-loan debacle of the 1980’s i Ẹ work anc 
the United States and the current financial cri. § trol. De 
ses in Asia and some emerging markets, ap. § environn 
pear to be the consequence of the mor} oven wh 
traditional risks taken by institutions such æ § system I 
commercial, real-estate, and less-developed. $ duced. I 
country lending, loan guarantees, and equity. problem 
share holdings. “widen if 


One conjecture attributes this uneasiness to | ion, 


the frequently cited instances of individual | twenty- 
costly events that are alleged to be associated | comple) 
with derivatives, such as the failure of Barings } rapid de 
Bank, Proctor and Gamble’s losses on com- § the reliz 
plex interest rate contracts, the financial dis- | 4 growi 
tress of Orange County, and so forth. f andcon 
Perhaps.” But, as already noted, derivatives | base of 
are ubiquitous in the financial world and thus, | edge ga 
they are likely to be present in any financial - yate in: 
circumstance, whether or not their use has any- | conside 
thing causal to do with the resulting financial | agemer 
outcomes. However, even if all these allega- į partme! 
tions were valid, the sheer fact that we are able § Ther 
to associate individual names with these oc- Ẹ referen 
currences instead of mere numbers (‘‘XYZ § change 
company” instead of ‘‘475-500 thrifts” as F tive tal 
the relevant descriptor) would suggest that ¥.  structr 
these are relatively isolated events—unfortu- § whethe 
nate pathologies rather'than indicators of sys- ¢ exami 
temic flaws. In contrast, the physiology of this f  stitutic 
financial technology, that is, how it works È. vices 
when it works as it should, is not the subject ¢ alterna 
of daily reports from around the globe but is §  spectin 
essentially taken for granted. f tional 
An alternative or supplementary conjecture |} econo: 
about the sources of the collective anxiety ovel f, Systen 
derivatives holds that they are a part of a wider — tional 


implementation of financial innovations which i 
have required major changes in the basic in- & 
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— Support it. As a result, the knowledge base 
> still ren x required to manage and oversee financial 
¥:- tions differs greatly from the traditional 
AE Pu aing and experience of many financial 

p agers and government regulators. Experi- 
M] changes of this sort are threatening. It is 
‘cult to deal with change that is exogenous 


: o Suci, ur traditional knowledge base and frame- 
t PSA i and thus comes to seem beyond our con- 
l cialğ 


aig). Decreased understanding of the new 
3 markets, nment can create a sense of greater risk 
of the Min when the objective level of risk in the 
tons SUCHE; .m remains unchanged or is actually re- 
ss-developé: sg. If so, we should start to deal with the 
S, and eq blem now since the knowledge gap may 
Aden if the current pace of financial innova- 
hn, aS some anticipate, accelerates into the 

i@enty-first century. Moreover, greater 
be associ: omplexity of products and the need for more 
are of Bari 4 decision-making will probably increase 
SSeS ON coe reliance on models, which in turn implies 
financial ¢ growing place for elements of mathematical 
id 30 fo md computational maturity in the knowledge 
d, derivatifice of managers. Dealing with this knowl- 
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iting finan gement and engineering and to university de- 
these allefartments of economics and mathematics. 
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ibers ( *‘shanges in the financial system. One perspec- 
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tructure of financial service providers, 
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ternative to this traditional institutional per- 
pective—and the one I favor—is the func- 
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makes them far more stable, across time and 
across geopolitical borders, than the identity 
and structure of the institutions performing 
them. Thus, a functional perspective offers a 
more robust frame of reference than an insti- 
tutional one, especially in a rapidly changing 
financial environment. It is difficult to use in- 

- stitutions as the conceptual ‘‘anchor’’ for an- 
alyzing the evolving financial system when the 
institutional structure is itself changing signif- 
icantly, as has been the case for the past two 
decades and as appears likely to continue well 
into the future. In contrast, in the functional 
perspective, institutional change is endoge- 
nous, and may therefore prove especially use- 
ful in predicting the future direction of 
financial innovation, changes in financial mar- 
kets and intermediaries, and regulatory 
design." 

The successful private-sector and govern- 
mental financial service providers and over- 
seers in the impending future will be those 
who can address the disruptive aspects of in- 
novation in financial technology while still 
fully exploiting its efficiency benefits. What 
types of research and training will be needed 
to manage financial institutions? The view of 
the future here as elsewhere in the economic 
sphere is clouded with significant uncertain- 
ties. With this in mind, I nevertheless try my 
hand at a few thoughts on the direction of 
change for product and service demands 
by users of the financial system and the 


*' During the last 25 years, finance theory has been a 
good predictor of future changes in finance practice. That 
is, when theory seems to suggest that something ‘‘should 
be there” and it isn’t, practice has evolved so that it is. 
The ‘‘pure’’ securities developed by Kenneth J. Arrow 
(1953) that so clearly explain the theoretical function of 

financial instruments in risk bearing were nowhere to be 
found in the real world until the broad development of the’ 
options and derivative-security markets. It is now routine 
for financial engineers to disaggregate the cash flows of 
various securities into their elemental Arrow-security 
component parts and then to reaggregate them to create 
securities with new patterns of cash flows. For the relation 
between options and Arrow securities and the application 
of the Black-Scholes model to the synthesis and pricing 
of Arrow securities, see Ross (1976b), Rolf W. Banz and 
Miller (1978), Breeden and Robert H. Litzenberger 
(1978), Darrell J. Duffie and Chi-fu Huang (1986), and 
Merton (1992 pp. 443-50). 
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implications of those changes for applications 
of mathematical financial modeling. 

The household sector of users in the more 
fully developed financial systems has experi- 
enced a secular trend of disaggregation in fi- 
nancial services. Some see this trend 
continuing with existing products such as mu- 


tual funds being transported into technologi-. 


cally less-developed systems. Perhaps so, 
especially in the more immediate future, with 
the widespread growth of relatively inexpen- 
sive Internet accessibility. However, deep and 
wide-ranging disaggregation has left house- 
holds with the responsibility for making im- 
portant and technically complex micro 
financial decisions involving risk (such as de- 
tailed asset allocation and estimates of the 
optimal level of life-cycle saving for retire- 
ment)—decisions that they had not had to 
make in the past, are not trained to make in 
the present, and are unlikely to execute effi- 
ciently even with attempts at education in the 
future. The low-cost availability of the Internet 
does not solve the ‘‘principal-agent’’ problem 
with respect to financial advice dispensed by 
an agent. That is why I believe that the trend 
will shift toward more integrated financial 
products and services, which are easier to un- 
derstand and more tailored toward individual 
profiles. Those products and services will in- 
clude not only the traditional attempt to 
achieve an efficient risk-return trade-off for 
the tangible-wealth portfolio but will also in- 
tegrate human-capital considerations, hedging, 
and income and estate tax planning into the 
asset-allocation decisions. Beyond the advi- 
sory role, financial service providers will 
undertake a role of principal to create financial 
instruments that eliminate ‘‘short-fall’’ or 
‘basis’ risk for households with respect to 
targeted financial goals such as tuition for 
children’s higher education and desired 
consumption-smoothing throughout the life 
cycle (e.g., preserving the household’s stan- 
dard of living in retirement; cf., Franco 
Modigliani, 1986). The creation of such cus- 
tomized financial instruments will be made ec- 
onomically feasible by the derivative-security 
pricing technology that permits the construc- 
tion of custom products at ‘‘assembly-line’’ 
levels of cost. Paradoxically, making the prod- 
ucts more user-friendly and simpler to under- 
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stand for customers will create conside} 

l fine: 
more complexity for the producers of § jat 
products. Hence, financial-engineering ¢ 
tivity and the technological and transact; pk 

bases to implement that creativity, reliabl an 
cost-effectively, are likely to become a ce 
competitive element in the industry. Th 
sulting complexity will require more elaby 
and highly quantitative risk-management} 
tems within financial service firms and ag 
allel need for more sophisticated appro 
to government oversight. Neither of these 
be achieved without greater reliance on ma 
matical financial modeling, which in turn 
be feasible only with continued improvem 
in the sophistication and accuracy of fin 
models. 

Nonfinancial firms currently use deriva aré 
securities and other contractual agreement ford 
hedge interest rate, currency, commodity, 
even equity price risks. With improved lo% 
cost technology and learning-curve exp 
ence, this practice is likely to expand. Ei 
tually, this alternative to equity capital fae 
cushion for risk could lead to a major ch 
of corporate structures as more firms use h 
ing to substitute for equity capital, the 
moving from publicly traded shares to if 
held private shares. 

The preceding section provides example 
current applications of the options technolt 
to corporate project evaluation: the evalue ne 
of research-and-development projects in p ance : 
maceuticals and the value of flexibility 1 Mient of 
decision about sequel production in the mMjganci; 
industry. The big potential shift in the fu five to 
however, is from tactical applications of déjanage 
atives to strategic ones.*” For example, a/fance. 
pothetical oil company with crude oil reself the o) 
and gasoline and heating-oil distribution fe 
no refining capability could complete the "if 













tual agreements instead of physical acquisitt 
of a refinery. Thus, by entering into contran 
that call for the delivery of crude oil by '¥ 
firm on one date in return for receiving a" 


jut con 
32 See Kester (1984), Stewart C. Myers (1984), 4 stra 
Edward H. Bowman and Dileep Hurry (1993) on th petwee 


plication of option-pricing theory to the evaluation of 3 
tegic decisions. 
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petroleum products at a prespecified 
date, the firm in effect creates a synthetic 
Real-world strategic examples in nat- 
as and electricity are described in Har- 


F ard Business School case studies, ‘‘Enron 
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ices” (1994) and ‘‘“Tennessee Valley 
Authority: Option Purchase Agreements’? 
(1996), by Peter Tufano. There is some evi- 

at these new financial technologies 


may eve 


It is no coincidence that the early strategic 
applications are in energy- and power- 
generation industries that need long-term plan- 


T. uncertainty. Since energy and power genera- 
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in both developed and developing countries. 
Eventually, such use of derivatives may be- 


i; come standard tools for implementing strate- 
j- gic objectives. 


A major requirement for the efficient broad- 
based application of these contracting 
technologies in both the household and 
nonfinancial-firm sectors will be to find effec- 
tive organizational structures for ensuring 
contract performance, which includes global 
clarification and revisions of the treatment of 
such contractual agreements in bankruptcy. 
The need for assurances on contract perfor- 


“@-. mance is likely to stimulate further develop- 


ment of the financial-guarantee business for 
financial institutions. Such institutions will 
have to improve the efficiency of collateral 
Management further as assurance for perfor- 
mance. As we have seen, one early application 
of the option-pricing model focuses directly on 
the valuation and risk-exposure measurement 
of financial guarantees. 

"A consequence of ail this prospective tech- 
nological change will be the need for greater 
analytical understanding of valuation and risk 
Management by users, producers, and regula- 
tors of derivative securities. Furthermore, im- 
Provements. in efficiency from derivative 


‘gm. Products will not be effectively realized with- 


Out concurrent changes in the financial ‘‘infra- 
Structure’? —the institutional interfaces 
tween intermediaries and financial markets, 


: fegulatory practices, organization of trading, 
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clearing, settlement, other back-office facili- 
ties, and management-information systems. 
To perform its functions as both user and over- 
seer of the financial system, government will 
need to innovate and make use of derivative- 
security technology in the provision of risk- 
accounting standards, designing monetary and 
fiscal policies, implementing stabilization 
programs, and overseeing financial-system 
regulation. 

In summary, in the distant past, applications 
of mathematical models had only limited and 
sidestream effects on finance practice. But in 
the last quarter century since the publication 
of the Black-Scholes option-pricing theory, 
such models have become mainstream to prac- 
titioners in financial institutions and markets 
around the world. The option-pricing model 
has played an active role in that transforma- 
tion. It is safe to say that mathematical models 
will play an indispensable role in the function- 
ing of the global financial system. 

Even this brief discourse on the application 
to finance practice of mathematical models in 
general and the option-pricing model in par- 
ticular would be negligently incomplete with- 
out a strong word of caution about their use. 
At times we can lose sight of the ultimate pur- 
pose of the models when their mathematics be- 
come too interesting. The mathematics of 
financial models can be applied precisely, but 
the models are not at all precise in their appli- 
cation to the complex real world. Their accu- 
racy as a useful approximation to that world 
varies significantly across time and place. The 
models should be applied in practice only ten- 
tatively, with careful assessment of their lim- 
itations in each application. 
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Derivatives in a Dynamic Environment? 


By Myron S. SCHOLES * 


I. Introduction 


The trading of financial derivatives on or- 
ganized exchanges has exploded since the 
early 1970's. The trading of off-exchange fi- 
nancial derivatives on the so-called ‘‘over-the- 
counter” or ‘‘OTC’’ market has exploded 
since the mid-1980’s. Academic and applied 
research on financial derivatives, which was 
initiated by the Black-Scholes and Merton op- 
tion-pricing research in the late 1960’s and 
early 1970’s, also has exploded. As a result, 
three industries have blossomed: an exchange 
industry in derivatives, an OTC industry in 
synthetic products, and an academic industry 
in derivative research, populated by scientists 
in and out of academic institutions. The aca- 
demic industry has seen a growth of research 
and course offerings in economics and busi- 
ness schools in the areas of options, futures, 
risk management, financial engineering, and — 
by marrying institutional and derivative 
modeling —a richer approach to financial 
intermediation and innovation under uncer- 
tainty. In addition, business schools and eco- 
nomics departments have competition from 
new research and courses in mathematics de- 
partments and engineering schools in the 


* This article is the lecture Myron S. Scholes delivered 
in Stockholm, Sweden, December 9, 1997, when he re- 
ceived the Alfred Nobel Memorial Prize in Economic Sci- 
ences. The article is copyright © The Nobel Foundation 
1997 and is published here with the permission of the 
Nobel Foundation. 

* Graduate School of Business, Stanford University, 
Stanford, CA 94305, and Long-Term Capital Manage- 
ment, L.P., Greenwich, CT 06831. I would like to thank 
Robert C. Merton for many years of fruitful and exciting 
discussions on these topics. In addition, I would like to 
thank my many colleagues at the University of Chicago, 
MIT, and Stanford University for their ideas and stimu- 
lating discussions. Most important has been the support 
and involvement of Merton H. Miller in my career: I owe 
him a tremendous debt and cherish his friendship. I miss 
Fischer Black; I miss his friendship, his insights, and his 
good humor. 
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“Thé academic industry has paso moat rnyri my Ft 
innovative research papers following the fy, ¥ prover, 
damental insights of Fischer Black anj}™ elude fin: 
Scholes (1973) and Robert C. Merton (1973), J contracts 
The Chicago Board of Trade and Chicag)§’ syed in t 
Mercantile Exchange initiated the exchang}, 
industry by developing financial options and}. = 
futures contracts on securities; they havef. the 
spawned the growth of many new derivativ {ep0 
exchanges around the world. The first was the. Black’s < 


Room, 
a 


Chicago Board of Trade’s sponsorship of thf: options a 
Chicago Board Options Exchange (CBOE) in}. Robert C 
1973. Moreover, some exchanges such as th portant a 
Options Market in Stockholm have trans : nology 2 


ported the technology used to trade derivatives | direction 
to other markets in Europe and Asia. Thes $ dividend 





exchanges succeed by producing the derive I terest rat 
tive contracts that add value for individus; more ge 
and institutions around the world. The OTC continge 
industry, which has grown to prominence} Black 
since the mid-1980’s, first in the United Stats} cused 
and now in every corner of the globe, is now Ẹ derivatin 
larger in size than the exchange industry. Fi { have hac 
nancial institutions in the OTC industry offe į; Users. It 
customized derivative products to meet tt ¥ tracts ha 
specific needs of each of their clients; the; "mate sı 
exchange industry offers standardized prob Ẹ dead-we 
ucts to reach a richer cross section of demand- 2 It is sai 

Each industry requires original research 0 §* thousan: 
understand the pricing and production costs of phan,” 
the products and financial services that the} 7 both dis 
bring to their clients. Derivative research i; derivati 
quickly transferred to practice; moreoveél ¢ — 
practice stimulates both academic and applied $ erton 
research. Some of the best research is cor p; PS tc 
ducted outside of academic institutions andat } ` Stck E 
ademics have found a home in each of the f : = and 
three industries. Graduates from mathematics § l. i Come 
computer sciences, engineering, and physië f: i% be 
compete and cooperate with those trained it fe Le 


financial economics for research and struct) J 


ing e in both the exchange and O1" ® “West, 
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“gifficult to define financial derivatives 


` 
i p 
i 


= ACS mic environment. The purest among 
E- t argue that any security is a derivative 

is price dynamics depends on the dynamics 

EE wie other underlying asset or assets and 

e This broad definition allows not only for 

z and (le. currently exists but also what new deriv- 
law scl instruments will be developed in the 
UNCertil sire with enhanced understanding and 
uced my anping production costs. The popular press, 
ing thei: ever, tends to limit the definition to 1n- 


Black; S342 financial options, futures, and forward 
ton (10E racts either traded on an exchange or is- 
nd Chai- in the OTC industry. In the future they 
wes come to be called financial products. 


e-Ex chalia 

options $k:The will of Alfred Nobel states, in part, that 
; they halite Nobel Prize shall be awarded for an ‘‘im- 
w deriviiartant discovery or invention.” Fischer 


aS 


first wasigiaek’s and my discovery was how to price 
rship offmantions and to provide a way to manage risk. 
: (CBORMERsbert C. Merton (1973) developed an im- 
; such asfepestant alternative proof of the pricing tech- 





have tragmeslogy and extended the approach in many 


e derivatmrgirections including how to price options with 
Asia. Trgggividends, how to price options when the in- 
: the dengmisrest rate is not constant, and how to apply a 
- individ che 2 general structure to price many other 
d. The (ggeosdngent contracts. 

promin Black and Scholes have over the years been 
Tnited Siqmmmecused of inventing derivatives, at least those 


lobe, is igaaetiVative products that have been claimed to 
industry: amee¥e BAG 
ndustry ofg—usets‘It is seldom remembered that these con- 

to meet Wa ts have two sides: if a buyer loses, the ul- 
` clients; mate seller might gain. Only if losses cause 
rdized pit 
n of demir =: 
ll research oUsat d fathers, and every failure is an or- 
ction cossi 4 : Over the years we have been granted 
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ces that (men i distinctions. We did not, however, invent 
he research 


cand apply 
zarch is @ 
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ations andi pork Exchange in the late seventeenth cen- 
i each of ampes: 20d traded on the Chicago Board of Trade 
mathemalé mp the early 1930’s. As described in Paul H. 
, &nd ph a Rigor (1964), research in option pricing 
se trained me Sack as far as Louis Bachelier’s Ph.D. 


i and strug J ia or - Although they are not generally 

nge and ORM. -Ot as options, myriad securities and 
ort EA M8 E a 2 s ` 
AE snt decisions have been made in the 
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past and are béing made currently that could 
be evaluated using the Black-Scholes technol- 
ogy. The technology was an invention that fa- 
cilitated multiple inventions in each of the 
three industries. What I did not realize at the 
time of the invention was how the technology 
would evolve and how it would be used to 
produce new types of securities with imbedded 
options at lower cost than could be accom- 
plished prior to the development of the tech- 
nology. This enhanced the efficiency set of 
demanders and suppliers of capital, not only 
in the United States but also around the world. 

With the Christmas season approaching at 
these Nobel award ceremonies in Stockholm, 
I will invoke the ‘‘Past,’’ the ‘‘Present,’’ and 
the “‘Future,’’ as Charles Dickens did in “‘A 


_Christmas Carol,’’ to describe the evolution of 


derivatives in a dynamic environment. I do not 
mean to draw too fine a parallel, however. That 
is, I am not implying that through the eyes of 
Mr. Scrooge the past for derivatives was bright 
with hope and innocence, and the present is 
dark and foreboding, and the future, without 
changing our ways, presents a bleak picture. 
On the contrary, many in academics and those 
in practice have often asked for a glimpse of 
the past; that is, how we developed the tech- 
nology and the model, and the past gives in- 
sights into the present. It was a time of 
innocence. It was a time of discovery. It is a 
tradition at these Nobel award ceremony lec- 
tures to describe the age of innocence. I am 
honored and thank the Nobel Prize Committee 
for this wonderful opportunity do so. I wish 
that Fischer Black were alive today to share 
this honor with us. 

Twenty-five years is a tender age for the - 
new academic and the new exchange industry. 
Fifteen years is still a young age for the new 
OTC industry. The Present, which I date from 
the late 1980’s to current time, shows an in- 
dustry that has experienced growing pains, and 
many, including regulators, are worried that it 
still has not come of age. And, will the Future - 
be bleak? No, there will be failures, but the 
industries will thrive because derivative instru- 
ments will provide progressively lower-cost 
solutions to investor and entity problems than 
will competing alternatives. These lower-cost 
solutions will involve the unbundling and re- 
packaging: of coarse financial products into 
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Work tog: .. d not meet Robert Merton until the 
prices andi: e of 1969, when he was interviewing for 
; on at the Sloan School. We began in- 
UE: ting in the fall of 1969. We talked then 
Went his current research on dynamic appli- 
Wons of the capital asset pricing model with 
: og ging opportunity sets and my work, at the 
the Condé =, including tests of the capital asset pricing 
>thesis to Be “Jel. We did not talk about warrant pricing 
ere profess mn though Fischer Black and I were working 
erable suny Ehe problem. I guess we did not appreciate 




















my t 


1 assets, Sat each of us had an interest in this research 
hvestmenty a a 
10) had teal ‘In the summer of 1968, a research project at 
Gg Controlifgrels Fargo Bank in San Francisco convinced 
impound, that the passive management of assets 
‘holes ( 197 p "id be a viable contender to actively man- 
- Markets $ed portfolios. In my report to Wells Fargo 
the Xten Rank, I recommended that they initiate passive 
' lenced byt investment strategies and offer them to their 
Of sec ielients; the forerunner to so-called ‘‘index 
1 set. Foll@funds.’’ That fall, on the suggestion of 
‘Owitz (198 Michael Jensen, I Had lunch with Fischer 
(1964) Black, who he had met because of Jensen’s 
tsset Drici®research on mutual funds. Fischer was em- 
brium mot ployed at Arthur D. Little, a consulting firm in 
This beca Cambridge, MA. We had several other lunches 
Iring the mi&hat fall and Fischer suggested that he was 
-ondense i thinking of leaving Arthur D. Little to start his 
on securig§ewn consulting firm. At about the same time, 
tion that ae John McQuown at Wells Fargo Bank asked 
| measure S Whether I wanted to conduct research that 
‘SK of the -Would describe the trade-off of risk and return 
‘gin the market as a forerunner to introducing 
he efficiel A Passive investment strategies to their clients. 
apital asi Without research, they were not willing to of- 
ton centi fer index-fund-like products to clients. Being 
-quilibri pi an assistant professor, I was restricted as to the 
risk had number of days I could consult. I asked 
t arbitra Fischer whether he wanted to join forces on 
all secutigg.the project. It was obvious from our lunch dis- 
ock, bong p cussions that he had very similar ideas, and 
articipalifg;.Was starting a research project: with Jensen on 
uversily. -Measuring risk and return. We joined forces 
eof the ig Sud worked together to test the capital asset 
onds. I wa g pucing model (see Black et al., 1972). We 






Ui Warne veloped the concept of the zero-beta port- 
been corie folio to test the model. If we could create a 
he 19603g8:?«to beta-minimum variance portfolio by buy- 
t profesne low beta stocks and selling high beta 
ənt at le pr Sioc and achieve realized returns on this 


i -Portfolio that were significantly different from 
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the interest rate, this would violate the predic- 
tions of the original capital asset pricing 
model. 

In the winter of 1969, I agreed to direct the 
master’s thesis of an MIT graduate student 
who had garnered a time series of warrant and 
underlying stock prices and wanted to apply 
the capital asset pricing model to value the 
warrants. I read all of the articles relating to 
warrant pricing in Cootners’ book of readings 
on The Random Character of Stock Prices 
(1964). One included paper, by Case Sprenkle 
and dated 1960, seemed the most relevant to 
me, but Sprenkle used an exogenously deter- 
mined discount rate to discount the expected 
terminal value of the warrant to its present 
value. 

What seemed apparent was that the ex- 
pected return of the warrant could not be con- 
stant for each time period because the nsk of 
the warrant changed with changes in the stock 
price and with changes in time to maturity. For 
example, if the warrant was far ‘‘in-the- 
money,’ that is, the underlying stock price 
was far above the exercise price, and the war- 
rant was almost sure to be exercised, its price 
would change almost dollar for dollar with a 
change in the underlying stock price. The per- 
centage change in the value of the warrant, 
however, would be greater than the percentage 
change in the value of the common stock be- 
cause the warrant was a leveraged instrument. 
On the other hand, if the warrant was *‘out-of- 
the-money,”’ that is, the underlying stock price 
was less than the exercise price, the warrant 
price would move far less than dollar for dollar 
with the price of-the common stock (for ex- 
ample, $0.5 for $1 move in the common). The 
percentage change in the price of the warrant, 
however, would be even greater than that of 
the in-the-money warrant. 

As a result, the expected return on the war- 


‘rant:could not be constant each period if the 


beta of the stock was ‘constant each period. I 
thought about using the capital asset pricing 
model to establish a zero-beta portfolio of 
common stock and warrants by selling enough 
shares of common stock per each warrant held 
each period to create a zero-beta portfolio. 
Given I could create a zero-beta portfolio, the 
expected return on the net investment in ‘this 
portfolio would be equal to the riskless rate of 
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interest. I knew that I would have to change 
the number of shares of stock each period to 
retain my zero-beta portfolio. But, after work- 
ing on this concept, off and on, I still could 
not figure out analytically how many shares of 
stock to sell short to create a zero-beta 
portfolio. 

Fischer and I continued working on tests of 
the capital asset pricing model and the devel- 
opment of-investment products bdased“on the 
implications of our research throughout 1969. 
In the summer or early fall of 1969, I discussed 
with Fischer my earlier experience with war- 
rants, my attempt at creating the zero-beta 
portfolio, and my inability to determine the 
changing number of shares needed each period 
to create the zero-beta portfolio. He described 
to me his research on warrants and that he was 
frustrated in his inability to progress further 
than he had to that time. He showed me a sheet 
of paper, which described the relation between 
the return on the warrant and the underlying 
stock. Following on earlier work by Jack 
Treynor, Fischer had used a Taylor-series ex- 
pansion of w(x, t), where ‘‘w’’ is the warrant 
price, ‘‘x’’ is the current stock price, and ‘‘t”’ 
is time to maturity to show the relation be- 
tween the change in the warrant price as a 
function of the change in the price of the com- 
mon stock and a decrease in the time to ma- 
turity of the option. Ignoring terms of second 
order with regard to time, over a short period 
of time, this expansion was: 


(1) Aw(x, t) = w,Ax + wt 


T 3 Wi AX At, 


where A is the change symbol, and the sub- 
scripts refer to partial derivatives with respect 
to the first or second arguments. 

Not surprisingly, Fischer had used the cap- 
ital asset pricing model to describe the relation 
between the expected return on the warrant 
and the market and the expected return on the 
common stock and the market. By substituting 
for the change in the warrant price as a func- 
tion of changes in the stock price and time in 
the capital asset pricing relation, it became ob- 
vious on how to create a zero-beta portfolio 
that would have an expected rate of return 
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equal to the interest rate (for we assu 4 
constant interest rate). 7 


gies: under strategy (1), we acquire the ke 
rant, and enough bonds earning at intera: 
per period, such that our investment in stk 
(1) is the same as in alternative strategy 
in which we buy w, of stock. The follow: 
the investment and the return On these he, 
ternative strategies: , 


Investment 


(1) Buy warrant w 
bonds 


WX - w 


(2) Buy stock Wx 


al al vah 
the stock price squared, a form of Vatitiferest rat 
which as At becomes small approaches xf stock. 


the stock price squared times the insti: 


l è warran 
neous variance of the underlying retumg hough tl 
the common stock, which is assumed tt. lability 
constant. ume that t 


| Since the risk is the same and the invest¥ould hav 
is the same under both strategies, to preéto beta e 


bu 
N 


arbitrage, the returns must be the same otišo to ret 
short period of time. After equating the ref time. 
on strategy (1) with the returns on strk If we ha 


(2), and substituting for Ax?, we find: he actual 
HOCK or, fc 
(2) —rw + wixr + w, +} wx??? = late, the c 
would der 


This is the Black-Scholes differential eck price 
tion. The initial condition for a warrant of8ing Spre 
option is that w(x, f*) = max(x — c, fiat the ex, 
where t* is the maturity date of the option, discou 
c is the exercise price of the option. The Constant ; 
required inputs to value the option, other#S20les op 
its initial conditions, are r, the interest @* ` 
and o*, the variance rate per unit time of 3) W(x, 
returns on the underlying stock. We werek“ 
amazed that the expected rate of return of" 
underlying stock did not appear in the df 
ential equation. 



















a MEE, hough the number of shares needed to 

s EE e a zero-beta portfolio each period was 
short pei ee it was not obvious to us how to find wy. 
engl tee ext step in solving the problem was to 
re the 


“tze that since the warrant valuation de- 


at intere ; ded only on the variability of returns and 

nt in st eae the expected return on the underlying com- 

eae mena stock, it was arbitrary what expected re- 
OLLOWig 


was assumed for the underlying common 
Hoot The same warrant valuation equation 
Fiould result because we had hedged out the 
E Ssk of the common stock in establishing the 
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tum F ro-beta portfolio or the alternative replicat- 
t +w Amg portfolio, as above. We assumed that the 
2) expected return on the common stock was 

equal to the interest rate over the next short 
Ax.  Weeriod of time, or in terms of the capital asset 


a cing model that the common stock had a 

ed to be ero beta. 
3y (2).1 E With the assumption of constant return and 
h strateg ariance of return, the distribution of returns 
1e changi Kon the underlying stock at expiration of the 
ertainty @@ warrant would be lognormally distributed. We 
the same used the Sprenkle formulation to find the ter- 
e change®¥minal value of the warrant using a constant 
of vara interest rate as the expected rate of return on 
aches x Rthe stock. But, we wanted the present value of 
he instaithe warrant. The key here was to realize that 
s returns @elthough the warrant would have greater price 
sumed to variability than the underlying stock, if we as- 
, c@msume that the stock had a zero beta, the warrant 
© inves would have a zero beta. If the warrant had a 
SiO prew zero beta each period of time, the warrant had 
same ovealso to return the interest rate, r, each period 

ig the reti of time. 

on stratit: If we had decided to value the warrant using 
> find: «the actual expected return on the common 
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ey. 
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‘g stock or, for that matter, any other appreciation 
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tot = Os rate, the discount rate to value the warrant 
' 4 Would depend on time and changes in the 
rential equ stock price. It does not for the zero-beta case. 


spent or vag Using Sprenkle’s formula with the assumption 
Ve tet É: ynat the expected return on common stock and 
2 option, a ithe discount rate for the warrant was equal to 
on. The omy.8 Constant interest rate, we obtained the Black- 


n, other th y Scholes option-pricing formula. 


interest rage: 

: time on DEL) w(x, t) = xN(d,) — ce"-" N(d,), 

Ve were bags i 

- EW : : : 
return on ne kt here N(d ) 1s the cumulative normal density 
n the dife mction, c is the exercise price, t* is the ex- 


is i ation date, and ¢ is the current date, r* — t 
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is the remaining number of periods in the life 
of the option, and ‘‘e’’ is the exponential op- 
erator. Lastly, . 


(4) d =[lnx/c+(r+1/20°)(t*-—t)] 
lo \t* —t 
d,=d,—-oat*—t. 


We checked the formula against the differ- 
ential equation and, as we expected, it fit. We 
were sure that we had the correct formula for 
valuing call options or warrants, the right to 
buy an asset at a fixed price, the exercise price, 
at maturity of the right, its expiration date. 
With minor adjustments we could value a put 
option, the right to sell an asset under similar 
terms. 

From the formula, we were finally able to 
compute w,, which was equal to N(d,), the 
required number of shares to hedge the option. 
The number of shares will change over time 
and as the price of the underlying security 
changes with respect to the exercise price. But, 
given the assumptions it is a known quantity 
each time period. | 

The formulation also suggests the technol- 
ogy necessary to price any contingent claim 
that depends on an underlying asset’s price (or 
even other state variables) and time. This 1s so 
even with differential known payouts, such as 
dividends on a stock or coupons on a bond, 
that are not received by the option holder. The 
technology suggests that what is necessary is 
to hedge the stochastic term, Ax, to create an 
alternative investment that is riskless. Merton 
(1973) formalized these relations. 

We had spent a considerable amount of time 
working to finish up several other papers in- 
cluding our paper on testing the capital asset 
pricing model. As a result, we finished a draft 
of the paper sometime in the winter of 1970. 
We did not know whether our formulation was 
exact, but intuitively we thought investors 
could diversify away any residual risk that was 
left. For larger price changes in the common 
stock, the hedge position of being long the op- 
tion and short the appropriate number of 
shares of stock would tend to make money 
whether the market went up or down, and 
would lose money on small changes in the 
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market portfolio. The risk of the position ap- 
peared to be independent of market risk. We 
programmed the model and tried to understand 
the sensitivity of the price of the option to 
changes in the stock price, time to maturity, 
volatility, and the interest rate. 

We presented a draft of the paper at a con- 
ference on capital market theory sponsored by 
Wells Fargo Bank in July of 1970. Later that 
summer, on vacation together, Fischer and I 
worked out the applications of the option- 
pricing framework to the pricing of risky debt 
and other capital structure issues. We viewed 
the common stock of a company with debt in 
its capital structure as a call option. The equity 
holders have an option to buy back the firm 
from the debt holders by paying off the face 
amount of the debt at its maturity. The equity 
holders will not buy back the firm from the 
debt holders at the maturity of the debt if the 
face amount of the debt is less than the value 
of the firm’s assets; they will turn the remain- 
ing assets of the firm over to the debt holders. 
For us, it was exciting to realize that the equity 
of a corporation was an option, and that our 
framework applied far more broadly than the 
valuation of warrants or put and call options. 
The methodology provided a systematic ap- 
proach that relied on arbitrage to value the cap- 
ital structures of firms, and to understand how 
management decisions affect the relative val- 
ues of debt and equity in the firm’s capital 
Structure. 

As it turned out, Robert Merton, who had 
written an earlier paper on the valuation of war- 
rants with Samuelson (see Samuleson and Mer- 
ton, 1969), following on Samuleson’s (1965a) 
early work on warrant valuation, had expected 
to attend our session at the Wells Fargo confer- 
ence, but he overslept and missed the session. In 
the winter and spring of 1970, Fischer and I 
searched the academic literature to determine 
how close others were to our invention. Fischer 
and I realized that the Samuelson and Merton 
paper contained an equilibrium model to value 
warrants but they did not value the warrant con- 
tinuously. Given that there was friendly rivalry 
between the two teams, Fischer and I wanted to 
progress, on our own, as far as we could prior 
to the conference. 

After the conference, in the early fall, 
Robert Merton and I discussed the Black- 
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Scholes valuation methodology and Optio, £ 
valuation formula. He was not convinced thy $° 
using the capital asset pricing model frame. £434; 
work was sufficient. It seemed to him. that, a fic: 
the interval of adjustment of the hedge beca RA 
closer to continuous time, there might still be Fx; 

covariance between the hedged position ang È}; 

the market return. Merton and I speculated thy F- 
one way that there would be no such covay. $ 7? 
ance would be if the return on the option wa, § -= 7 





perfectly correlated with the return On the | : Jy Ble 
stock in continuous time, and therefore the f gption-r 
í Op 
hedge was exact. Merton (1973) later proved | transact: 
that the hedged position in continuous time | counter 
was riskless, and that the replicating portfolio f gther m: 
argument was exact. Fischer and I used this f. jhe pric 
derivation in the final version of the paper be. ents. Us 
cause it relied on arbitrage and not on any up... > the moc 
derlying model of capital market equilibrium, | | duced p 
However, we still presented the capital asset f market 
pricing model derivation of the model, as it $} yalue th 
provided us with the many insights we usedto | market 
unlock the puzzles of option pricing. value ti 
Merton (1973) then started working on his | assume 
paper on various aspects of the option formula f termine 
He incorporated his alternative proof of the | took th 
option-pricing model. He also showed that the f costs v 
right to exercise a call option prior to maturity f turns o 
is not valuable for a nondividend paying stock, } returns 
but valuable for a put option on a similar stock. į were u 
He also showed how to incorporate changesi1 | the mo 
interest rates into the valuation methodology, | abnor 
and generalized the formula to handle other | nore i 
state variables. data o: 


To our dismay, when we submitted a ver | Whe 


sion of our paper entitled ‘‘A Theoretical Val; under, 
uation Formula for Options, Warrants, and f model 
Other Securities’ (October 1970) to the Jour ¥ stock 
nal of Political Economy, it was rejected with- $` These 


out review. The Review of Economics and } ple es 


Statistics also rejected the paper. Fischer felt  matior 
that the paper was rejected because he was no! ¢. ` Using. 
an academic; I felt that I was an unknown a } Wed v 
sistant professor and the paper would not bè | Used t 


considered to be broad enough for those aca f- dérval 
demic journals. With the help of Merton Miller 5. - 
and Eugene Fama, who took an interest in the € 
paper and stepped in on our behalf, the Jour ¥ = 1tb 
nal of Political Economy agreed to conside! f 
the paper if we revised it and broadened i Ẹ- Wer 
applicability. We had planned to publish the £+ SPtior 
corporate-finance-capital structure applica f° © 






DP 4 subsequent paper but we broadened 
ipRoO’s > a] paper and showed how corporate 
ae ey et could be viewed as options. The final 
Bis. in of the paper was published in 1973 in 
a $e ournal of Political Economy under the 
IMB, “The Pricing of Options and Corporate 
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WŒ -jn Black and Scholes (1972), we tested the 
Æ ion-pricing model using data recorded in a 
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OR ansactions diary of a broker in the over-the- 
US ti inter option’s market provided to us by an- 
O, ’s student at MIT. The diary listed 
Se sther master s S ary. 

sed ġ Fie prices at which he sold options to his cli- 
aperh E ents. Using simple estimates of the volatility, 
any W$: he model generally performed well. It pro- 
librii duced profits if one could buy options at diary- 
al i R market prices if the model indicated a higher 
lel, ag value than the market and sell options at diary- 
| © usedi market prices if the model indicated a lower 
i$ value than the market. Each trading day, we 

1g Onl@¥acsumed that the model could be used to de- 
formi termine the hedge ratio, the delta, and under- 
_ Of of took these hedges (assuming that transaction 
d that i Feosts were zero). We regressed the daily re- 

) Matus tums on our hedged portfolio on the market 
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| ing st feturns. As expected, the portfolio returns 
| iar stodWere uncorrelated with the market returns, but 
| *hanges¥f the model produced substantial and significant 
| hodolog#¥abnormal profits. The market appeared to ig- 
adle ot®ñore information available in the historical 
s- ` 4&data on estimating volatility. 

tted a vig; When we assumed that we could buy the 
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‘etical. Vag undervalued and sell the overvalued options at 
Tants, a™model prices and hedge out the underlying 
o the Jog stock risk, we incurred significant losses. 
ected wil E These losses were incurred because using sim- 
‘omics ample estimates of the volatility ignored infor- 
Fischer f@§mation on future volatility that the market was 
: he was ii Using to price the options. When actual real- 
nknown Sed volatility over the life of the option was 
ould not tused to compute the model prices, buying un- 
r those atisiervalued and selling overvalued options at 
erton MilliModel prices generated returns that were in- 
terest in OgSgnificantly different from zero. 
If, the Jo: It became apparent to us that the transaction 
tS consid{f0sts of dealing in the over-the-counter market 
roadened HENere quite large. The dealers would only sell 


) publish UgsPuons. As a result, the market in put and call 
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to change. In the early 1970’s, various studies 
were commissioned to provide an economic 
justification for a new options exchange. As a 
result, the Chicago Board Options Exchange 
was born in 1973 almost simultaneously with 
the publication of the Black-Scholes and 
Merton option-pricing papers. The reduction 
in transaction costs and the transparency of the 
market were justifications enough for the sub- 
sequent success of the options market. 

It is ironic that these empirical tests of the 
Black-Scholes model were published in the 
Journal of Finance in the proceedings volume 
of the American Finance Association Meet- 
ings, in May of 1972, a full year prior to the 
publication of the model itself. Although we 


` did not present it as such, it is ironic that the 


methodology in the paper is generally the 
same as that used today by financial entities to 
manage the risks of their trading positions and 
to measure the performance of their traders. 


B. Historical Notes: From Theory 
to Practice 


Both the derivative exchange industry and the 
derivative academic industry grew significantly 
from 1973 to 1985. Financial economists started 
to interact with a broad set of practitioners and 
this led to a cross-fertilization of ideas among 
the participants in both industries. 

The option-pricing technology was adopted 
simply because it reduced transaction costs. 
For without a model, traders could neither 
price securities with imbedded options: with 
sufficient accuracy to compete against other 
traders with models, nor could they reduce the 
risk of their positions to employ their capital 
efficiently at a low enough cost to compete 
with other traders. Although it is hard to prove, 
I do think that the success of the CBOE and 
other exchanges, in part, can be attributable to 
option-pricing models. As traders became fa- 
miliar with these models, bid-offer spreads 
narrowed. As traders became more familiar 


‘“with risk-management techniques, they could 


take on larger position sizes to support ‘thé ~ 
markét. With a deeper and more efficient mar- 
ket, investors began to use options to facilitate 
their own investment strategies. 

In those formative years, notable exten- 
sions and additions to the basic framework 
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include important contributions by Merton 
(1974, 1992a), Black (1975, 1976), John 
C. Cox and Stephen A. Ross (1976), Ross 
(1976), Mark Rubinstein (1976), Scholes 
(1976), Michael Parkinson (1977), 
Oldrich A. Vasicek (1977), Rolf W. Banz 
and Miller (1978), Douglas T. Breeden and 
-Robert H. Litzenberger (1978), William 


_. Margrabe (1978), Scott F. Richard (1978), 


Sharpe (1978), Michael J. Brennan and 
Eduardo S. Schwartz (1979), Cox et al. 
(1979), Robert Geske (1979), and Michael 
Harrison and David M. Kreps (1979). 

In 1971, Fischer Black left Boston to be- 
come a professor at the University of Chicago. 
In 1972, Robert Merton and I became con- 
sultants to Donaldson, Lufkin and Jenrette 
(DLJ) to build mathematical models to price 
so-called ‘‘down-and-out options’’ and to 
build their options technology to price call op- 
tions in the event of a launch of the CBOE. 
Leo Pomerance, the head of the DLJ options 
group, was an options trader from the old 
school; he traded OTC options using intuition 
and experience without regard to a formal 
model. He later became the first chairman of 
the CBOE. At DLJ we forged a marriage of 
the old-time trader types, with their mental set, 
with young mathematical modeling types, 
with their model assumptions, to add value for 
the firm. 

The spread of the option-valuation tech- 
nology was rapid once the CBOE launched 
its first contracts on listed securities. Initially, 
many of the older market-wise traders re- 
jected using a model to price options. And, 
initially prices were not in line with prices 

‘predicted from using the Black-Scholes 
model adjusting for dividends and using rel- 
atively simple estimates of volatility to price 
the options. This left an opportunity for 
younger model-based traders to step in and 
profit from price discrepancies in the market. 
They used the model to price options and to 
determine the appropriate hedge ratios to re- 
duce the risk of their positions. Generally, re- 
taining these risks had zero present value 
because traders had little expertise in fore- 
casting stock returns. By so doing they could 
undertake larger positions and enhance their 
profits by concentrating on risks that could 
add to their profits. 
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historical estimates of the volatility. He found ae 
that the profits on trading options, that is, buy. mee 
ing undervalued contracts and selling overval. € 3% o 


ued contracts each day to maintain a neut § - 


risk position, were» even: greater than thoy .f ~y 
found in our original tests. His strategies could ¥ ~ ; 
achieve greater profits by reducing positionsif { -~ 
the prices of options return to model valus | ;, 
prior to the expiration of the contract. Trans. f- , 


action costs could have reduced actual trading f - 


profits for other than the option dealers. 

By the end of the first year of trading op. } 
tions, it was no longer possible to use simple 
estimates of the historical volatility to spot op 
portunities in the market. Many of the clearing f 
firms, which financed the positions of the op- ¢ 
tion traders, used the model and the hedge ra } 
tios to determine the net risk of each of these $ 
traders. Fischer had started a service to provide f 
option prices and the share-equivalent posi | 
tions (hedge ratios) on each of the options | 
traded on the various exchanges. He used a | 


more sophisticated estimate of volatility to f- 


price the options. He combined historical es- } 
timates adjusted for changes in stock market $ 
levels, with the volatility implied by the prices } 
of options. As is true even to this day, as the į 
market-price level of securities increases rel- { 
ative to a previous level over a relatively shon $ 
period of time, the volatility of stocks tends to } 
fall. This result is due, in part, to a reduction Ẹ 
in the leverage of the underlying equities. § 
Given the rate of interest, the price of the com § 
mon stock, the dividend yields, the exercise § 


model can be used to infer the implied vola f 
tility that the market is using to price the op § 
tion. In fact, even today, options are described $ 
in terms of implied volatility. Traders art } 
asked whether they want to buy or sell vola Ẹ 
tility. Although his volatility estimates held § 
some cache for a while, advanced compute! } 


technology made Fischer’s pricing sheets ob J 


solete after a few years. 
In fact, Texas Instruments marketed 4 
handheld calculator in 1974 that gave the £ 


Black-Scholes model values and hedge ratios. 2 
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i y asked them for royalties, they replied 
‘ as in the public domain; when 
for a calculator, they sug- 
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. He fO Pering with Mathew L. Gladstein, we de- 
W= that the time might be appropriate to 
as ‘de investors with a fund that protected 
1 a nE- downside risk but allowed for some up- 
“te participation in the performance of the 


E 


5 3 & market. To achieve this goal, we de- 
JOSIti 34 chat the assets of the fund would be held 
del vagi my two parts: in any six-month period, 90 per- 
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| zat of the assets would be held in U.S. Treas- 
ual trae. pills and 10 percent of the assets would 
alers. (Py ysed to buy a diversified portfolio of call 
Trading tions. In several papers, Merton et al. 
use siis 1978, 1982) simulated the performance 
to spon nracteristics of such a strategy using the un- 


he cleag ‘derlying stocks of the options that were 
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s of theg Htvaded in the various markets. The return 
e hedge pbaracteristics were as predicted by the the- 
ch of tay: losses were truncated and gains were less 
e to protkan a direct investment in the underlying 
valent i Risto sks. The returns on the strategy were non- 
the optfiinearly related to the market. We always 

He useiiatressed the role of options as insurance. In 
volatility@iearly 1976, we attempted to launch Money 
istorical@#’Market/Options Investments under the aus- 
tock malpices of Phoenix Investment Counsel of 
dy the pngvSaston. Unfortunately, the fund raised only a 
; day, as Saali amount of money. Our simulation re- 
icreases RRgults indicated that fully covered investment 
atively m@&strategies, that is, a sale of an option on a 
cks tend position in the underlying stock (for exam- 
) a reduti@gle, long 100 shares of IBM and short a call 
ng equit@sption to buy 100 shares of IBM), would 
> of thecMRptovide returns of only the premium re- 
the exen@seived on the option approximately 60 per- 
e option Ment of the time. Call-option holders would 
mplied YEAH their stock away if the stock price were 
- price the @asv0ve the exercise. price on expiration of the 
are desci gOntract and would not exercise call options 

Traders $ the stock price were below the exercise 

or sell Wa. © at expiration. This strategy produces 
stimates M pe cher current income but with the possibil- 
ced compy -Of capital losses just like a high-yield 
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ag sheets 24. The expected return, however, was 
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hibited inferior return characteristics for 
most investors, and naturally, to our dismay, 
were quite successful because of the prom- 
ises of higher income (but at the unadverti- 
sed expense of expected capital losses). 


Ui. The Present 


The past 20 years has seen a transformation 
of the entire financial services industry, first in 
the United States, and now around the world. 
During the 1970’s and 1980’s, regulations di- 
vided the activities of financial institutions into 
separate market segments. In the United 
States, commercial banks handled deposits 
and made commercial loans; investment banks 
were involved in mergers, acquisitions, and 
underwriting; brokerage companies sold 
stocks and bonds; savings and loans, along 
with banks, initiated and held mortgages; and, 
insurance companies sold life, and property 
and casualty insurance products. Many of the 
regulations were directed at preserving the 
profitability of these institutions by restricting 
competition, mainly at the expense of the users 
of these services. Each institution had a prod- 
uct focus; for example, deposits, or life insur- 
ance, or commercial loans. No financial 
company served a broad range of its clients’ 
financial needs. 

As happens at times, it is not possible for 
regulators to protect the profitability of the in- 
dustries they regulate. In the United States, 
mutual funds competed with banks in provid- 
ing deposit services after banks were not per- 
mitted to pay market interest rates on deposits 
in the early 1970’s. The growth of institutional 
investors managing pension funds and mutual 
funds forced the abolition of fixed commission 
rates to trade securities in the United States 
and around the world. The larger brokerage 
firms evolved to compete against the banks 
and the~savings and loan-associations in pack- 
aging and repackaging’ mortgages to broaden 
the extent of the market. Banks started to com- 
pete with investment banks and brokerage and 
insurance companies in financing commercial 
real estate and financing highly leveraged 
mergers and acquisitions called ‘‘Leveraged 
Buyouts.” It is nearly impossible to maintain © 
regulations that restrict activities in one indus- 
try when new competitors not subject to costly 
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regulations are attacking the profitable busi- 
nesses of that industry. 

The driving force behind today’s tidal wave 
of financial innovation has been the reduction 
in the cost of computer and communications 
technology. This lower-cost technology has 
led to a globalization of the product and finan- 
cial markets. Corporate and institutional needs 
have become more complex. Investors are de- 
manding more services. Technology brings 
new competitors to the market who can offer 
similar and expanded services at lower cost 
than existing competitors can. The growth of 
lower-cost providers of brokerage services 
such as Schwab, Fidelity, and Internet brokers 
are examples. 

Financial service firms today must decide 
which clients to serve, determine those clients’ 
needs, and then decide which products and 
services add value for their clients as well as 
their own shareholders. Firms that were quite 
similar 15 years ago have become very differ- 
ent today. For instance, J.P. Morgan, a whole- 
sale bank, today differs far more from 
Citicorp, a retail bank, than it did in the early 
1980’s. Conversely, firms that were quite dif- 
ferent from each other 15 years ago have be- 
come quite similar today. It is hard to 
distinguish the activities of today’s J.P. 
Morgan from Union Bank of Switzerland 
(UBS), from Goldman Sachs, or Merrill 
Lynch. Meanwhile, American Insurance 
Group (AIG) and Travelers, both insurance 
companies, these days offer a number of ser- 
vices that are similar to those offered by 
Goldman Sachs or UBS. Investment banks no 
longer merely structure and advise in trans- 
actions but instead have moved to a more 
packaged, integrated, convenient financial- 
solutions approach, directed at solving: the 
complex problems of their clients around the 
world. 

The many advances in financial theory have 
enabled financial services firms to meet those 
complex needs more effectively and at lower 
cost than was possible previously. The mar- 
riage of business school and economics 
department graduates with engineers, mathe- 
maticians, physicists, and computer scientists 
has lead to more efficient and lower-cost 
financial engineering solutions to client 
problems. 
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HE categories of derivative contracts. For exam- 
AH ple, the face amount of stock market index op- 
ieg@e” tions (including call and put options) at the 
iM. end of 1986 stood at $37.8 billion and by the 

TÆ end of 1996 grew to $380.2 billion.” 
ens These tables indicate that the OTC market 

i jn derivatives has grown much faster than the 
e$ exchange market in the last ten years. In 1995, 

Hay tumover on the major derivative exchanges 

Ma around the world actually declined while OTC 

G- activity rose by 40 percent. The Bank for In- 

is# ternational Settlements estimated that out- 

ie’: standing OTC contracts exceeded $47.5 
uirel €-* trillion in early 1995, much greater than the 
ai: numbers reported in Table 2. To put these val- 
i ne ues into perspective, the value of all outstand- 
og? ing debt in Europe, Japan, and North America 

dE totaled $25.8 trillion in 1995. 

The growth of the OTC market will con- 
tinue to outstrip the growth of the exchange 
market because the clients of the financial ser- 
vice firms need assistance to structure their fi- 
be nancial programs. The current growth path is 
fi” to provide more client-focused structured so- 
Ré lutions to problems. Clients likely would find 
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their financial service firm than to execute it 
themselves in the exchange market. This is 
even more likely if the positions must be ad- 
justed frequently to hedge risks. 

Moreover, the relative growth of the OTC 
market is overstated because the exchange 
markets require that entities post margin on 
contracts each day. Futures contracts are set- 
tled at the end of each day. Forward contracts, 
such as swaps and options written by OTC 
firms such as caps and floors, are not settled 
each day. The product offerings are different. 
The financial service firms and their counter- 
parts rely on each other’s credit. Most financial 
service firms čan post collateral on OTC con- 
tracts, which is very similar to settling the con- 
tracts as in the case of posting margin on an 
exchange. These entities will use either the fl- 
nancial futures and options markets or the 
OTC markets. They will use the industry that 
provides services at lower cost. Many entities, 
however, are not indifferent to posting collat- 
eral. In particular, many OTC swap and option 
contracts have a financial entity and a corpo- 
ration as counterparts because the corporation 
is willing to pay the financial entity to post 
margin for it in the futures or options market. 
That is, the financial services firm enters into 
a swap with a corporate entity, which does not 
post collateral, and the financial service firm 
hedges its market risk by entering into an off- 
setting swap with another financial service 
firm or by using the exchange-derivatives in- 
dustry. In either case, the financial service firm 
posts collateral or margin on its transactions. 
It is the lower-cost producer of margin ser- 
vices. Financial service firms have the capacity 
and the personnel to undertake the pricing of 


` credit risk and.can handle these transactions; 


many corporate entities currently do not. 

To the extent that collateral is not posted on 
the obligation, one_consequence of the these 
transactions is that the financial service firm 
and the corporation are exposed to each 
other’s credit risk. The corporation buying a 
call option on an underlying debt instrument 
from the financial service firm has credit risk 


` to the extent of the value of the call option. 


The financial service firm can fail to honor its 
obligation to deliver the underlying debt in- 
strument. The financial service firm holding a 
put option, issued by the corporation, on the 
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TABLE 1—MARKETS FOR SELECTED DERIVATIVE FINANCIAL INSTRUMENTS: NOTIONAL PRINCIPAL Amoun 
OUTSTANDING: 1986—1996 (IN BILLIONS OF U.S. DOLLARS) : 


1986 1987 1988 1989 
Interest rate futures 370.0 487.7 895.4 1,200.8 
Interest rate options“ 146.5 122.6 279.2 387.9 
Currency futures 10.2 14.6 12.1 16.0 
Currency options“ 392 59.5 48.0 50.2 
Stock ‘market index futures” ~ 14.5 ` `17.8 27.1 41.3 
Stock market index options’ 37.8 27.7 | 42.9 70.7 
Total 618.3 729.9 1,304.8 1,766.9 
North America 518.1 578.1 951.7 1,155.8 
Europe is: J33 177.7 2510 
Asia-Pacific 87.0 138.5 175.4 360.0 
Other 0.0 0.0 0.0 0.1 
“Calls plus puts. 


same debt instrument is a creditor of the cor- 
poration to the extent of the value of the put 
option. A swap contract, which states that the 
corporation will receive a fixed rate of interest 
on an underlying debt instrument and pay a 
floating rate of interest, 1s equivalent to the 
corporation being long a call option and short 
a put option. 

The other major reason that the OTC indus- 
try will continue to grow faster than the 
exchange industry is that financial service 
firms and others need only to hedge the re- 
maining factor risks of their portfolio posi- 
tions, which is a far smaller amount than their 
gross contracting with their clients. Moreover, 
depending on the costs, they can hedge either 
with another financial service firm or in the 
exchange industry. The financial service firm 
that hedges factor risks retains the remaining 
risk, the so-called ‘“‘basis risk,” of its net 
positions. 

Another reason for the growth of the OTC 
market has been that the outstanding amounts 
in Table 2 do not necessarily represent net ex- 
posures. It might be less expensive for a cor- 
poration or a financial service firm to enter into 
an offsetting derivative contract with another 
counterparty than it would be to unwind the 


1990 1991 1992 1993 1994 1995 
1,454.5 2,156.7 2,913.0 4,958.7 5,777.6 5,863.4 
599.5 1,072.6 1,385.4 2,362.4 2,623.6 2,741.8 
17.0 18.3 26.5 34.7 40.1 38.3 
56.5 62.9 71.14 75.6 55.6 43.2 
69.1 76.0 “79,8 ~* -110.077 1273 172.2 
93.7 132.8 158.6 229.7 238.3 329.3 
2,290.4 3,519.3 4,634.4 7.771.1 8,862.5 9,188.2 
1,268.5 2,151.7 2,694.7 4,358.6 4,819.5 4,849.6 
461.2 710.1 1,114.3 1,777.9 1,831.7 2,241.6 
560.5 657.0 8235 1,606.0 2,171.8 1,990.1 
0.2 0.5 1.8 28.7 39.5 106.8 
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NOTIONAL PRINCIPAL VALUE OF OUTSTANDING INTEREST RATE AND CURRENCY SWAPS OF THE MEMBERS OF 


THE INTERNATIONAL SWAPS AND DERIVATIVES ASSOCIATION, 1987—JUNE 1996 (IN BILLIONS OF U.S. DOLLARS) 


_———— June 


1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 


3.4 Sq 
H8 38 EK haeres ae artis 682.9 1,101.2 1,502.6 2,311.5 3,065.1 3,850.8 6,177.3 8815.6 12,810.7  15,584.2 
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38.3 ates 
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$ All counterparties | 
“ER (adjusted for reporting 


a j$ ofboth sides) 182.8 319.6 449.1 5775 807.2 8604 899.6 9148 1.1974 1,294.7 
3909, zt F 


2,831] E, Interest rate options“ 0.0 3273 5373 561.3 5772 6345 1397.6 1.5728 3.7045 4,190.1 
10.1 2184 F Total $65.6 1,657.1 2489.0 3,450.3 4,449.5 5,345.7 8474.5 11,303.2 17,7126 21.068.9 
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International Monetary Fund as the lenders of 
last resort to these and other countries, may 
have written the put options that supported 
the activities of the financial institutions of 
the region and granting these options might 
have encouraged risk taking and even un- 
profitable activities. 

Moreover, absent government guarantees, 
some brokerage houses and-banks-in Japan 
probably would be bankrupt, because while 
these entities had promised clients protection 
against loss on any decline in value of Jap- 
anese stocks, they did not hedge their com- 
mitments. Clients might have paid for these 
put options through higher commission rates 
in Japan. These Japanese financial service 
entities, however, suffered severe losses 
when their clients exercised these put rights 
during the decline in the value of Japanese 
stocks in the 1990’s. The entities currently 
are not required to value their commitments 
on a mark-to-the-market basis. As a result, 
neither regulators nor investors, nor even 
senior management, could deduce the finan- 
cial condition of the entities. In all probabil- 
ity, the extent of these losses could have 
been mitigated if risk-management POncies 
had been put in place. 


IV. The Future 
The future will be a continuation of the pres- 


ent. Financial innovation will continue at the 
same, or at even an accelerating, pace because 


of the insatiable demand for lower-cost, more - 


efficient solutions to client problems. Infor- 
mation and financial technology will continue 
to expand and so will the circle of understand- 
ing of how to use this technology. There is 
value to investing in education. Financial ser- 
vice firms will expand the use of this technol- 
ogy to manage their own activities. Otherwise, 
they will have to face mergers with other fi- 
nancial service entities. Although some would 
like to see derivatives wither in importance, 
they will not, for they have become essential 
mechanisms in the tool kit of financial 
innovation. 

Scholes and Mark A. Wolfson (1992) used 
the concepts of frictions and restrictions to il- 
lustrate how tax rules and other regulations af- 
fect investor and corporate behavior. As 
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Merton (1992a) argues, the functions of a fi- _ 
nancial system change far less than institu- 
tions. Institutions change because lower-cost 
solutions that reduce information asymmetries 
are found to facilitate transactions, to provide 
funding for large-scale investment projects, to 
transfer savings across borders and into the fu- 
ture, and to provide more efficient risk-sharing 
and diversification mechanisms. ~~ . 

= Most financial instruments are derivative 
contracts in one form or another. Black. and 
Scholes (1973) pointed out that the equity 
holders of a firm with debt in its capital struc- 
ture have an option to buy back the firm from 
its debtholders at maturity of the debt. The 
high-yield bond (the so-called ‘‘junk bond’’ ) 
is a riskier debt-option contract than more 
highly rated corporate debt. Corporate debt 
and equity contracts are derivative to under- 
lying investments. Other lines of research on 
so-called ‘‘real‘options’’ indicate that even the 
investment decisions of firms are better un- 
derstood by using an option framework rather 
than a more conventional present-value- 
analysis framework. 

Standard debt and equity contracts are 1n- 
stitutional arrangements or boxes.. They pro- 
vide particular cash flows to investors with 
their own particular risk and return character- 
istics. These institutional arrangements sur- 
vive only because they provide lower-cost 
solutions than competing alternative arrange- 
ments. Competitive opportunities evolve over 
time with changing frictions and restrictions. 
Because of information asymmetries and reg- 
ulatory restrictions, investors might. require a 
higher rate of return to hold these standard- 
form contracts than contracts (now and in the 
future ) of alternative design but of similar risk. 
Time will continue to blur the distinctions be- 
tween debt and equity. 

. The firm’s investment set is generally the 
composite of coarse bundles of payoffs. Firms 
issue claims to finance these activities — 
claims that themselves represent bundles of 
coarse cash flows. It will become more effi- 
cient for financial service firms to offer new 
derivative securities in various forms to break 
cash flows into finer-gradients that can be tai- 
lored to the specific needs of demanders and 
suppliers of capital. In the process, deadweight 
costs are mitigated, thereby reducing the cost { 
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the newly created securities or retain them in 


"= whole or in part for its own account. It can 


create new products on its own name or use 
the OTC or exchange markets to hedge its 
risks. Given information asymmetries, it will 
use the lower-cost solution. 


A. Investor Demands — 


In recent years, we have witnessed a move- 
ment from a limited number of investors hold- 
ing an undiversified portfolio of their own 
home-country securities to many more inves- 
tors holding diversified portfolios domesti- 
cally and internationally. More and more 
investors around the world, who have never 
invested in financial products other than 
through social promises made by their govern- 
ments, will become more willing to select 
from a broad class of “‘mutual-fund’’ type of- 
ferings. Although the diversity of products has 
grown, few tools are in place other than in ac- 
ademic circles that allow investors to make in- 
formed portfolio-allocation decisions. As 
Franco Modigliani (1986), the 1985 Nobel 
laureate, has argued: individuals want to 
smooth consumption over the life cycle. If it 
were more cost efficient, investors would want 
to insure against contingencies, control risks 
more efficiently, and plan their investments ef- 
ficiently to meet life-cycle needs. As infor- 
Mation and financial technology become more 
easily available, financial service firms will re- 
package investments to meet these investor de- 
mands, and this will spur financial innovation. 
The financial service firm will offer products 
1n its Own name that promise specific risk and 
return patterns; these firms will also, offer 
products in the form of mutual funds. The clas- 
Sifications of investment products into stock 
funds, bond funds, growth, income, etc., will 
diminish in importance with reduced costs 
to understand risk, return, and contingent 
payoffs. 

. Even today, the boxes that define 
Institutional-fund arrangements have blurred. 
For example, if a pension fund manager wants 
to achieve a stock-index fund return, she can 
vest with an index-fund provider that buys a 
diversified portfolio of the index-fund stocks. 

© can achieve the same result, however, in 


manager who might claim to have expertise in 
the bond market and can provide an enhanced 
return over the index-fund return. To achieve 
this, the enhanced manager might undertake a 
complicated strategy. He might hold a port- 
folio of undervalued corporate and govern- 
ment bonds, hedge the credit risk of the 


‘corporate bonds by selling stock short, and- 


hedge the price risk of interest rate movements 
by using futures or options. He might buy 
stock-index futures to achieve the systematic 
risk exposure of the stock-index fund. Given 
costs, the manager might be able to produce a 
return in excess of that achieved by holding 
the index fund directly while the systematic 
risks of the two offerings would be exactly the 
same. 

The exchange industry will compete with 
the OTC industry to provide investment prod- 
ucts. If the exchange industry can provide ef- 
ficient margining systems for those investors 
who can not post collateral in a cost-efficient 
manner, those products that become standard- 
ized will most likely be ideally suited for the 
exchange industry—it can address a larger set 
of participants in a lower-cost marketplace. 
The exchange industry complements the OTC 
industry; they will grow together. 


B. Corporate Demands for Derivatives 


Finance specialists have puzzled over the 
reasons why corporations hedge the risks of 
their cash flows. Under classical finance the- 
ory, it is often asked why shareholders of a 
firm pay it to incur costs to reduce risk when 
they can diversify on their own account. The 
firm’s managers should act as if the firm is risk 
neutral. Clifford W. Smith and René M. Stulz 
(1985) provide three reasons, all tied to the 
cost of financial distress, why a firm might 
hedge its cash flows. Because of the convexity 
of the tax schedule, a firm might issue more 
debt only after hedging its cash flows to reduce 
its expected operating losses and the resultant 
loss of tax benefits. Because of bankruptcy 
costs associated with high levels of debt, the 
firm that hedges can use more debt to finance 
its activities. As in Froot et al. (1993), if the 
firm can hedge its cash flows, a reduction in 
the probability of financial distress reduces the 


ote 
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expected costs of financial distress and, as a 
result, encourages investment in profitable 
projects that might have been foregone with- 
out such hedging. This argument is based on 
the observation that firms are reluctant to issue 
equity and, instead, use retained earnings to 
finance investments before using the debt mar- 
kets. Also, if a high-debt-to-equity firm were 


to become financially distressed it would not ° 


be possible to issue equity. to finance business 
activities. Because owner-managers in smaller 
firms might not be able to diversify their hold- 
ings, hedging the cash flows of the firm might 
be a lower-cost alternative than selling off 
pieces of the firm to outsiders and using the 
proceeds to diversify. If corporations face 
these problems, there are financial engineering 
solutions that might reduce their import. 

The corporate use of derivatives is not lim- 
ited to hedging. Some corporate financial 
strategies believe that they can outperform 
other market participants in forecasting the 
direction of interest rates or commodity 
prices. Stulz (1996) argues that firms that 
have such financial acumen can hedge their 


downside exposures by buying put options. 


This allows the financial officers of the firm 
to become more active managers. By buying 
put options or by reducing systematic risks, 
they can use more leverage and increase their 
personal stakes by reducing the costs of fi- 
nancial distress. This tactical use of deriva- 
tives probably explains a significant part of 
the growth of the use of derivatives attribut- 
able to financial service firms and corpora- 
tions, as shown in Tables 1 and 2. 

As reported in Stulz (1996), empirical ev- 
idence gathered from surveys of corporations 
indicates that large corporations without debt 
in their capital structures hedge cash flows 
more so than smaller corporations. And, those 
corporations that do hedge lift their hedges 
from time to time or do not fully hedge their 
exposures. It is these tactical uses of deriva- 
tives, an attempt to ““beat’’ the market using 
highly leveraged strategies, that have been the 
cause of most of the reported financial losses. 
Obviously, the successful tactical users of de- 
rivatives are most often absent in press reports. 
It is unlikely, however, that corporate officials, 
on average, can outperform other market 
participants. 


JUNE 1998 


Large firms hedge -cash- flows, in part, to - 


smooth reported financial earnings with the 
hope those smoother earnings will boost their 
price-to-earnings ratios. This might be a value- 
enhancing strategy if market participants can 


not discern whether the variability in earnings . 
is caused by the firm’s taking systematic ex- ` 


posures to market factors or by firm-specific 
risks. = 

The Present is still young. The Future will 
bring many new solutions to solve corporate 
problems. Many corporations and financial en- 
tities still need to learn and evaluate to what 
extent hedging and risk control can be bene- 
ficial to their activities. Smaller firms and 
product markets are just now becoming famil- 
iar with the risk-control aspects of these finan- 
cial instruments. It may be surprising that in 
the United States the top eight banks account 
for 94 percent (almost $19 trillion) of the total 
outstanding notional amount in the OTC mar- 
ket as of the end of 1996.” As of this date, the 
knowledge base or the financial acumen 
needed to financial engineer solutions to client 
problems is highly concentrated. 

As in Scholes (1995, 1996), I argue that 
corporations will use risk-management tech- 
niques to reduce their level of equity capital 
and, as a result of risk-management tech- 
niques, some firms that would have gone pub- 
lic will remain private. Equity capital is an 
expensive form of financing. There are large 
differences between the knowledge base of in- 
siders and outsiders. Insiders can not fully di- 
vulge their plans to outsiders for the fear that 
competitors will profit from this knowledge, 
and generally must sell shares at a discount. 
Moreover, tax and other considerations make 
the corporate form of undertaking activities in 
the United States and in other countries very 
expensive. 

Equity is a risk-management device. It is an 
‘‘all purpose’’ risk cushion. The more equity 
a firm has, the more it cushions itself against 
outcomes that require it to go the capital mar- 
kets in adverse times or when it might have to 
divulge its confidential operating plans to out- 
side parties. Hedging, on the other hand, is tar- 


* See International Monetary Fund, 1997. 
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Re geted risk control. Hedging requires more 
i- refined knowledge of the firm, and an under- 


standing of the interaction of investment re- 
turns and financing alternatives. Moreover, it 
requires that the firm be able to warrant to oth- 
ers that it will maintain a strategy of hedging 
its activities to support higher levels of debt. 
But as the costs. to hedge fall relative to the 


$ césts of equity, firms will substitute hedging, 


for equity. 

Moreover, hedging provides ancillary ben- 
efits as a measurement tool to help calibrate 
how the firm is making money. In a diverse, 
decentralized organization, management in- 
formation systems might not divulge the true 
source of profits within the organization; that 
is, did profits arise because systematic risk ex- 
posures produced positive returns, or because 
the entity possessed superior skills? Standard 
accounting neither provides risk-management 
reports which decompose profitability. into 
profits from market forces and profits from 
managerial efforts (whether the firm is a man- 
ufacturing or a financial firm), nor does it de- 
scribe the sensitivities of the firm’s profit and 
loss to market factors. As more entities use 
financial engineering skills, the current ac- 
counting system will be under considerable 
pressure for change, as will many of the cur- 
rent forms of regulations and restrictions. 

Because of differences in the required 
knowledge of insiders and outsiders, the 
growth of the private equities market has re- 
duced the disclosure costs of becoming a 
public corporation. Private equity allows 
expert management teams to leverage their. 
activities. Private equity, however, is still an 
inefficient form of financing compared with 
potential lower-cost solutions. Ways will be 
found through financial engineering to pro- 
vide private entities with the advantages of 
the public market—risk sharing, liquidity, 
and pricing signals— while retaining the ad- 
vantages of the private market— lower 
disclosure and agency costs. Financial en- 
gineering will foster the growth of the pri- 
vate corporation, and convert entities into 
alternative forms. 

Many firms hedge interest rate movements, 
foreign currency exposures, or commodity 
Price exposures. Firms will learn to use stock- 


dex options or futures to reduce their risk 
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exposures. The firm can reduce the beta of its 


-© Own stock by hedging stock market risks. 


Moreover, with this approach, the firm does 
not have to target risks. It can just hedge its 
own market risks or other factor risks, or the 
general stock market risk that. affect its stock 
price. This reduces the economic risks of the 
firm to firm-specific risks, or residual risks, 
and reduces the need for equity to cushion ad- 
verse outcomes. = = 

I believe that the corporate form we know 
today will not be long-lived. With more 
knowledge and a better understanding of the 
power of financial engineering and of how to 
reduce asymmetric information costs, the costs 
of using financial engineering solutions will 
continue to fall. As more firms learn how to 
use these solutions, their profits will be en- 
hanced and more investment will follow the 
increase in demand. Risk management is only 
a step in the direction of producing synthetic 
entities. 

The firm of the future might be an organi- 
zational form far different from those used 
today. Some entities, such as electricity pro- 
ducers, aircraft manufacturers and users, nat- 
ural resource producers and users, and 
financial service firms already are deciding 
what services to produce and what risks to re- 
tain, and what services to rent and what risks 
to shed, based on their perceived competitive 
advantage. _ 

Financial service firms are building large 
capital bases to make markets around the 
world, and to put into practice specific knowl- 
edge to engineer solutions for their clients on 
a. global basis and to create long-lived deriv- 
ative products for issue in their own names. 
Their profits are made from modeling 
and understanding markets and providing 
value-added solutions for clients. A risk- 
management system provides information on 
what risks to keep and what risks to hedge. In 
addition, it provides a way to reduce infor- 
mation asymmetries between senior manage- 
ment and employees, and to provide the 
incentive system necessary to align the in- 
terests of the employees and the firm’s 
shareholders. 

A risk-management system must also ad- 
dress how a financial service firm handles cri- 
sis situations. To preserve its franchise, a 
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financial service firm can insure against ad- 
verse price movements or unforeseen contin- 
gencies by holding working capital as a 
reserve against adverse liquidity needs. Alter- 
natively, the financial service firm might be 
able to buy options from the exchange markets 
or from the OTC markets (for example, lines 
of credit) at a lower dead-weight cost to in- 
sure against-extreme price movements that 
could adversely affect its business. Maybe 
regulatory bodies, in effect, provide lower- 
cost insurance. 

Because of tax and regulatory costs, finan- 
cial service firms might find that working cap- 
ital held in corporate form is too expensive 
relative to other alternatives. For example, cli- 
ents of financial service firms hold large quan- 
tities of passive wealth in mutual funds, 
insurance companies, pension funds, and var- 
ious trusts as investment vehicles for individ- 
ual savings. Financial service firms and other 
entities must hold working capital to insure 
against adverse contingencies. With options 
and other forms of contingent capital arrange- 
ments, it will become possible to mobilize the 
capital in these client-passive investment ve- 
hicles and reduce the dead-weight costs of the 
current system. This could lower the cost of 
capital of financial service firms and the cost 
of providing financial services to their client 
base. 

Once again, information and financial tech- 
nology will expand to reduce the costs of in- 
formation asymmetries. Understanding and 
developing markets for credit derivatives, un- 


‘derstanding the implications of contingent 


capital options under asymmetric information, 
and understanding what is the most efficient 
mechanisms to hold capital will change orga- 
nizational forms, the boxes, and blur the 
distinctions between debt and equity, corpo- 
rations and partnerships, and the demanders 
and suppliers of capital. The evolution of op- 
tion technology will open up entire new insti- 
tutional structures. 


YV. Conclusion 


We started in the Past—the age of inno- 
cence, and we progressed to the Present—-the 
age of understanding, growth, and maturation. 
The growth has not been without pains. A-con- 
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Foes 


siderable amount of additional understandip, $ 
and development awaits the users of the derjy. § 
ative technology in the Future—the age of ex. $ 
citement. Advances in communications and ¥ 
computing technology will allow for greater $ 


er 
k 
f 

‘ 


greater than in the past. Organizational forms § 
will change dramatically in a global environ. $ 
ment. The exchange industry will continue to $ 


reduction in asymmetric information costs 
The future growth of innovation using the 
option-pricing technology will be as great or 


grow; the OTC industry will continue to grow, 


and the research necessary by academics and § 
practitioners to understand and to foster the } 
evolution will be so great that the academic ? | 
industry will become more important than in § 
the past. The need for highly trained and § 


skilled practitioners who understand the tech- 
nology will continue to increase-on a global 


basis. None of these three industries has re- ¢ 


tained its past form and none will retain its 
present form. These economic organizational 


forms always will evolve and respond to the £ 


demands of economic agents. 


The capital asset pricing model, arbitrage 


and capital structure models, and the eff- 


cient-markets hypothesis introduced me to Į 
key finance concepts that were the genesis { 
of our development of the option-pricing 
technology. In a world of information asym- | 


metries, derivative instruments provide 
lower-cost solutions to financial contracting 
problems in a dynamic environment and 


these lower-cost solutions enhance eco- A 


nomic efficiency. 
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» The timing of transactions is important in 
markets where buyers and sellers need to be 
matched. There are many examples. Elite col- 
leges have both regular- and early-admission 
programs. Most graduate- and undergraduate- 

_ admission procedures agree not to inform ap- 
plicants prior to a common date. New entrants 
into many professional sports choose when to 
expose themselves to the draft. Much attention 
has been focused on the trend toward recruit- 
ing younger and less-experienced players 

‘in recent National Basketball Association 
(NBA) drafts. In 1997 the National Basketball 
Association draft set a record in that the first 
seven picks and 17 among 29 first-round se- 
lections were not college seniors. In the past 
few years some highly ranked players have 
skipped college altogether. In spite of the pos- 
turing by NBA executives urging players to 
Stay in school and finish their education, 
1997’s outcome is along the creeping trend to- 
ward earlier entrance into the NBA. 
Difficulties in controlling the timing of re- 

CTuiting new entrants of highly trained profes- 


sionals have been pointed out in a set of 


wyr. 

Ho Li: School of Economics and Finance, University of 
oe Pokfulam Road, Hong Kong (e-mail: 
. Secon.hku.hk); Rosen: Department of Economics, 


Eo versity of Chicago, 1126 East 59th Street, Chicago, IL 


-a37 (e-mail: s-rosen@uchicago.edu). The authors are 


n, and anonymous referees. 


omments and suggestions made by Alvin _ 


371 


Unraveling in Matching Markets 
By HAO Li AND SHERWIN ROSEN* 


We use a two-period matching model with initial uncertainty about productivities 

_ of participants to-analyze incentives.for early contracting or unraveling. Unrav-- 
eling provides insurance in the absence of complete markets, but causes ineffi- 
cient assignments. Unraveling is more likely the smaller the applicant pool, the 
smaller the proportion of more-promising applicants, and the greater the het- 
erogeneity in the pool. Banning early contracts hurts firms and benefits less- 
promising applicants; the effects on more-promising applicants depend on how 
the gains from early contracts are shared. Ex post buyouts eliminate inefficient 
assignments, and more-promising applicants always unravel. (JEL D40, 


interesting papers by Alvin Roth (1984, 1991) 
and Susan Mongell and Roth (1991). Roth 
and Xiaolin Xing (1994) observe that these 
difficulties appear in many other markets, in- 
cluding the medieval weekly markets for or- 
dinary commodities, medical interns and 
residents, and postseason college football 
bowl games. 

Two related aspects of timing of market 


transactions must be distinguished. In one, la- © 


beled ‘‘jumping the gun’’ by Roth and Xing, 
participants compete for a limited supply of 
the best-qualified candidates or best positions 
in strategically timing their offers. For in- 
stance, firms sometimes make exploding of- 
fers that quickly expire, while job candidates 
often try to delay making a choice from avail- 
able offers in the hope of receiving better ones. 
Another aspect of timing 1s unraveling of the 
appointment date. In some entry-level profes- 
sional labor markets, employment begins only 
after attainment and certification of profes- 
sional qualifications, but the appointment date 
sometimes unravels to a few years before that. 
Unraveling is defined as future employment 
contracts that are signed long before employ- 
ment is to begin. Examples include the place- 
ment of medical interns and residents before 
the 1950’s, summer job programs for law stu- 
dents prior to offers of longer-term positions 

upon graduation, and early commitment by 
judges to clerks. Often there are natural dates 
when the potential of candidates can be best 
assessed. Unraveling of the appointment date 


Gina! 
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is not so much about competing through stra- 


tegically timing proposals and acceptances. It 
is more about ex post inefficiencies caused by 


making early contracts with incomplete 


information. 

The two aspects are related. Sometimes 
jumping the gun can be the principal reason 
for unraveling of the appointment date.. Still, 
isolating the insurance aspect of ‘‘futures’’ 
contracts from the strategic aspect helps us un- 
derstand how market imperfections affect tim- 
ing problems. It also allows the social costs 
and benefits of early contracting to be as- 
sessed. This paper analyzes price competition 
and market unraveling based on incomplete in- 
formation about agents’ future productive 
characteristics. Agents have to deal with both 
individual uncertainty about their traits, as 
well as aggregate uncertainty about the market 
value of those traits. Aggregate uncertainty 
arises in these markets because assignments 
are indivisible. If appointments are made after 
individual uncertainty is resolved, ex post ef- 
ficiency of assignments is guaranteed. But 
agents are exposed to payoff risks because 
they can be on the long or short side of the 
market. Complete Arrow-Debreu securities 
markets would eliminate payoff risks to agents 
and guarantee ex post efficient job assign- 
ments. In the absence of such markets, unrav- 
eling (early contracting) can bring about 
limited insurance at the expense of ex post in- 
efficient assignments. Unraveling is a mani- 
festation of risk aversion under incomplete 
insurance markets. It relieves some of the anx- 
iety about availability of jobs for applicants 
and of qualified candidates for firms. 

We analyze markets where individual un- 
certainty applies only to job applicants, and 
consider two contractual situations — one 
where firms are bound by ex post unsuccessful 
early contracts, and another where buyouts of 
inefficient matches by firms are allowed. 
Without buyouts, unraveling need not occur. 
It is more likely the smaller the proportion of 
more-promising candidates in the applicant 
pool, and the smaller the total applicant pool 
relative to the number of positions. In our 
model, payoff risks to firms are the main 
source of insurance gains from early contracts. 
These gains are large when the applicant pool 


or proportion of promising applicants is small, ~- 






because firms are less likely to fill their pog.: 
tions in the spot market. An increase in th ` 
degree of heterogeneity increases the like: § 
hood that more-promising applicants unraye| — 
In this model, unraveling always reduces the | 
probability that productive applicants will bę | 
short and firms will be long in the ex post spo | 
market. Therefore a ban on early contracts up. - 
ambiguously decreases the ex ante welfare of } 
firms. Since less-promising applicants never | 
receive any rents from early contracts, the bap 
unambiguously improves their welfare, } 
Whether the ban increases or decreases wel- 
fare of more-promising applicants depends on 
the gains they receive. | 
When buyouts of ex post unsuccessful early: 
contracts are allowed, unraveling is more ¢ 
prevalent than when early contracts are bind- £ 
ing. Buyouts amount to an up-front contin- $ 
gency clause in early contracts specifying the 
terms under which contracts are terminated ex 
post. Buyout provisions benefit participants as ¢ 








Pan 


a whole because they eliminate ex post inef- | 
ficient assignments and increase total gains } 
from trade. Buyouts always increase the wel- ! 
fare of those less-promising candidates who { 
would choose to wait when ex ante contracts [ 
are binding. Whether buyouts increase or de- 
crease, the welfare of firms and more- į 
promising candidates depends on how the | 
gains they receive with buyouts compare with ; 
the gains they receive without them. 

Section I introduces a two-period assign- } 
ment model, defines individual and aggregate ; 
uncertainties that are central to our analysis of .{ 
unraveling, and identifies the market imper- $ 
fections that cause unraveling to occur. Sec- § 
tion II analyzes unraveling in a competitive 
market equilibrium without buyouts, and con- 
siders how relative size, composition, and the § 
degree of heterogeneity in the applicant pool | 
affect unraveling. Section [I considers unrav- ¢ 
eling when buyouts are allowed. The last sec- 
tion contains a brief summary of this paper and 
some comments on our findings. 






I. The Assignment Market: Background 





There are two models of matching: the as- ¢ 
signment market (Tjalling Koopmans and } 
Martin Beckmann, 1953; Lloyd Shapley and { 
Martin Shubik, 1972), and the marriage prob- 
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ir posi- fF associated assignment is efficient, and if a fea- 

In the ¥# exchanges differ from others in that objects of sible assignment is efficient then there exists z 

likeli- >17 trade are indivisible. Typically, each partici- feasible outcome associated with it that is sta- 

mravel, p pant has only one unit to buy or sell. In an ble. This is analogous to the two welfare the- 

ces the assignment market, money is transferable orems in a decentralized economy. Koopmans 

_ will be among all participants and matching is made and Beckmann (1953) formulate the efficient 

ost Spot through market prices. In a marriage problem, assignment as the solution to a linear program- 

acts un- only rank orderings of preferences matter and ming problem and give a competitive market 

~Ifare-of > prices play no-allocating role.' We use the as- equilibrium interpretation to the associated 

S never signment market and competitive mechanism outcome. Shapley and Shubik-(1972). formu- 

| the ban as the framework of our analysis. late stable outcomes as equilibria of a coop- 

| velfare, erative game and show that side-payments do 

| ses wel- A. Competitive Equilibrium in the not occur in equilibrium. In this paper, we re- 

| ends on Assignment Market fer to each stable outcome as a competitive 
| equilibrium. 

ful early In an assignment market, there are two 
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groups of agents: workers and firms. A pro- 
duction function describes a nonnegative joint 
output of an assignment of a worker to a firm. 
The joint output of assigning either two work- 
ers or two firms to each other is zero. The out- 
put of an unassigned agent is normalized to 
zero. The largest total output of any number 
of agents is the maximal sum of outputs that 
can be produced by pairwise assignments of 
these agents. 

A pairwise assignment is feasible if each 
agent is matched to at most one other agent. 
Associated with a feasible assignment is a fea- 
sible outcome, a vector of nonnegative payoffs 
such that the sum of the payoffs to each 
matched pair is no greater than the joint output 
of the pair, and the payoff to each unmatched 
agent is zero. An assignment is efficient if 
among all feasible assignments it yields the 
largest sum of joint outputs. A feasible out- 
come is stable if the sum of the payoffs to any 
pair of agents is greater than or equal to the 
Joint output they can produce. Thus, in a stable 
outcome, the sum of payoffs equals the joint 
output for each matched pair. For any pair not 
matched to each other, the sum of payoffs for 

e two agents is greater than the joint output 
they can produce, so that the pair does not 
form a ‘ ‘blocking’’ coalition that improves the 
payoff for both of them. 

, >ne main theorem of the assignment market 
is that if a feasible outcome is stable then the 


1 ; 
ye For a discussion of modeling issues in the two prob- 
» e Vincent Crawford, 1991. 


B. Payoff Risks 


Parallels between the assignment theory and 
competitive markets are best revealed by an 
example with two distinct types of identical 
agents in each group. Suppose that workers 
and firms are either productive or unproduc- 
tive, and that assigning a productive worker to 
a productive firm produces unit output, while 
all other kinds of assignments produce 
nothing. 

To put the assignment market in a compet- 
itive framework, it is useful to think of one 
group of agents, say the firms, as residual in- 
come recipients. Unproductive firms cannot 
bid positive prices for workers and receive a 
payoff of zero in the market. Similarly, unpro- 
ductive workers cannot ask positive prices of 
firms and receive zero payoff. Only productive 
workers and productive firms potentially have 
positive payoffs. Their actual payoffs in a 
competitive market depend on their relative 
numbers. If there are equal numbers of pro- 
ductive workers and firms, all are matched 
one-to-one. Any division of the pairwise 
output that gives all agents in each group the 
same payoff is a competitive equilibrium. Sup- 
pose, however, that there are more productive 
workers than firms. Now the supply of pro- 
ductive workers exceeds demand and thei 
payoff is driven down to zero. Productive 
firms get all the return because they are the 
scarce factor. In the opposite case where there 
are more productive firms than workers, the 
workers receivé 1 in the competitive equilib- 
rium. In our simple example of two types o 
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each group, uncertainty about the relative size 
of the two productive types translates into pay- 
off risks before they enter the market. Avoid- 


ing these kind of payoff risks is a main. 


motivation for individual agents to contract 
early and ‘‘unravel’’ the market.” 

Discontinuities in equilibrium prices or pay- 
offs with respect to supply and demand are 
itihererit” iti the indivisibility of ‘assignments 
(pairwise here) and in the discreteness in the 
types. Indivisibility implies that payoffs are 
sensitive only to the sign of excess demand or 
supply, not to its magnitude. Whether produc- 
tive workers outnumber productive firms by a 
few or by many does not change the equilib- 
rium payoffs of zero for productive workers 
and 1 for productive firms. The discontinuities 
do not disappear as the size of the market gets 
large. They are more sensitive to the discrete- 
ness of types. For example, suppose the joint 
output between an unproductive agent and a 
productive agent of the other group is u € (0, 
1/2), instead of 0. Then the consequences of 
being on the long or short side of the market 
are less severe. If productive workers outnum- 
ber productive firms but there are more firms 
than productive workers, so that each produc- 
tive worker is matched to some firm, their 
equilibrium payoff is u instead of zero because 
they add value u to assignments with unpro- 
ductive firms. Productive firms receive 1 — u 
instead of 1. In the limit of a continuum of 
types, the discontinuities disappear. 


C. An Example of Unraveling 


The essential aspects of market unraveling 


are illustrated by a two-period model with both | 


individual uncertainty and aggregate uncer- 
tainty. Individual uncertainty arises because 


°? Roth and Xing (1994) identify two other causes of 
unraveling. One is instability: if the assignment in the mar- 
ket is unstable, then there may be incentives for agents to 
reach agreements early. However, this cannot happen in a 
competitive assignment market. They identify market 
competition as another cause of unraveling and give an 
example where despite the stability of assignment in the 
market, some agents have incentives to make early offers 
to their next-best candidates by committing to not com- 
peting for these agents in the market in case they reject 
the offers. 


- 


$ 
pie 


there is incomplete information 1 in the first ne: 3a 
riod by all agents on how productive a part,” z 
ular agent will be in the second period ff 
Individual uncertainty creates randomness ; i E 
supplies of different types of agents, and w § °° 
sults in aggregate uncertainty due to discon, | be 
nuities in equilibrium payoffs. Unraveling f, 
(first-period contracting ) eliminates, aggregat L: a 
uncertainty but causes ex post inefficient aş. E 
signments due to individual uncertainty. Cop. E- 
tracting after individual uncertainty is resolveg # 
ensures ex post efficient assignments, but ex. $ 
poses agents to payoff risks due to aggregate ¥- 
uncertainty. 4 
These points are illustrated by extending the F 
example. In the first period, productivities of $ 
agents are unknown. All agents on each side { 
of the market are identical with probability) $. 
of becoming productive in the second period. § 
All are risk averse with utility function u. For Ẹ 
simplicity, we assume that there are equal Ẹ 
numbers of workers and firms. ‘ 
The second-period competitive equilibrium } 
gives agents who turn out to be productive a : 
payoff of 1 or 0 depending on excess demand & 
or supply.” The uncertainty of second-period ¥ 
payoffs may motivate agents to contract with 
each other in the first period, before their pro- § 
ductivity is known. Imagine the following § 
game. In the first period, there are pairwise { 
meetings between workers and firms. Each § 
pair of agents chooses whether or not to sign Ẹ - 
the following contract: the worker receives 4 $. 
payoff r and the firm receives 1 — r in the 7 
second period if both turn out to be productive; f 2 
otherwise, both receive 0. The market is said 






to unravel if there exists some r € [0, 1] such 
that some pairs of agents choose to sign the 
first-period contract rather than to wait. From 
the individual point of view, the first-period § 
contract eliminates risks that the two agen | 
may be on the long or short side of the market, 4 
should they be productive. But the contracts } 
create ex post assignment inefficiencies ber | 
cause information necessary to achieve effi- 


a 


z 


+» 


a eS we, 


* The equilibrium payoffs are indeterminate if there at fi. 
equal numbers of productive agents. In this case, we as- $; 
sume that the equilibrium payoff to all productive workers $- 
is O or 1 with probability '/,. This assumption is noncol- % - 
sequential for what follows. : 
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the t-period contract in which they all receive 
Same share of maximum total output of all 
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> firstpe- f °° cient assignments is available only in the participants after waiting until the second pe- 
a partic- % second period after the contracts have been riod to achieve ex post efficient assignments. 
1 period, signed. The cost of these inefficiencies to the A decentralized Arrow-Debreu securities mar- 
mness in two agents is reflected in the fact that the pay- ket in the first period together with a second- 
, and re- off to the two agents depends on the joint prob- period spot market achieves this. 
disconti- ability that both are productive. Imagine that in the first period each agent 
raveling When } is sufficiently large the insurance sells 100 perfectly divisible shares of the claim 
ıggregate gains from contracting early and eliminating to the agent’s payoff from the second-period 
.clent as- ageregate uncertainty outweigh the loss dueto spot market. For example, holding 50 shares 
ity. Con- ex post inefficient assignments; the market un- of one claim entitles the buyer to one-half of 
resolved ravels. The argument runs as follows. In the the seller’s equilibrium payoff from the spot 
s, but ex- second period, the payoffs to productive market. A competitive equilibrium in the se- 
ig eTegate agents are 1 or 0 depending on excess demand curities market is the set of share prices, such 
or supply. The expected utility to each agent that given these prices, each agent chooses the 
nding the from waiting is A[u(1)/2 + u(O)/2] + (1 — numbers of shares to maximize expected util- 
_#ivities of ` \)u(0). If two agents sign the first-period ity subject to the budget constraint, and the 
sach side contract the expected utility to the worker is market clears for shares of each claim. Since 
jability À \ĉu(r) + (1 — \7)u(0) and the expected util- all agents are indistinguishable in the first pe- 
d period. ity to the firm is \7u(1 —r)+(1—A*)u(0). riod, the competitive equilibrium has equal 
on u. For Let r” be the minimum payoff required forthe share prices for all claims and each agent holds 
ire equal worker to sign the contract and r’ be the max- an equal number of shares of each claim, in- 
imum payoff that the firm is willing to pay the cluding the agent’s own claim. This equi- 
uilibrium worker to sign the contract. Equating the ex- librium is ex post efficient, because the 
ductive a pressions above we have that the ask price r” — second-period spot market produces the effi- . 
s demand and the bid price r/ are implicitly defined by cient assignments that maximize total output. 
nd-period the condition It is also ex ante optimal, because each agent 
tract with spreads risks as much as possible. 
their pro- (1) u(r’)=u(1—-r) If markets were complete and agents could 
‘ollowing legally sell claims to their future payoffs, un- 
pairwise =u(0)+[u(1)—u(O) J/(2d). raveling would not be observed. Unraveling or 
ms. Each early contracting is a manifestation of market 
ot to sign If à is large enough then the ask price r” falls failure. For instance, it is never said to be ob- 
-eceives 2 below the bid price r and unraveling occurs. served in markets for agricultural commodities 
+ rin the There is not enough structure in this example to where futures contracts are: common. Rather, 
roductive; determine the market equilibrium price uniquely, it is restricted to those labor markets where 
cet is said $ butt must be between the bid and ask. When à indivisible assignments are important and 
0,ijsuch Ẹ 53 sufficiently small, r’ < r”; the market doesnot where complete markets of the kind described 
> sign the $ unravel. The value of insurance from a first- above are vulnerable to moral hazard prob- 
vait. From — Penod contract is small because the probability lems. These problems are especially severe in 
ist-period § of exposure to aggregate uncertainty in the second labor markets because ex post productivities of 
wo agents } period is small. The loss due to ex post inefficient job applicants depend critically on the efforts 
se market, § | %Slgnments dominates the insurance gains. they make after signing early contracts. Insur- 
contracts § ance provided by complete markets may lead 
sncies be- } D. Unraveling and Market Incompleteness to shirking and disinvestment in human capital 
hieve effi § by the applicants. In what follows we take it 
: Before we analyze richer assignment prob- for granted that complete markets do not exist, 
ems, it 1S important to understand that so that unraveling may occur. 
| | erable: Is really caused by market incom- 
Pte if there an p Pleteness. In the above example, the optimal II. Unraveling Without Reentry 
a we ‘ oe arrangement is for all agents to sign 


In this section, we consider a richer ver- 
sion of the example above. There agents are 
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indistinguishable in the first period and unrav- 
eling affects all market participants in the same 
way. Here we allow for two kinds of hetero- 
geneity among participants. First, the two 
sides in the assignment market differ in the 
individual uncertainty they face. In markets 
for entry-level professionals, individual uncer- 
tainty about future productivity is a substantial 


issue only for job applicants: Firms operate- - 


each year and have established reputations. 
Second, there is heterogeneity among the 
workers. Some have more promise to become 
productive later than others. Unraveling in this 
situation can affect more-promising workers 
differently than less-promising ones. The com- 
petitive equilibrium in the first-period market 
is characterized next, assuming that agents 
who sign first-period contracts do not enter the 
spot market in the second period. The case of 
unraveling with buyouts and reentry is consid- 
ered later. 


A. The Model 


As before, 1n the second period workers are 
either productive or unproductive, and the 
joint output is 1 between a productive worker 
and a productive firm and 0 otherwise. In the 
first period, there are n types of workers, 
whose prospects differ. Type i (i = 1, ... , n) 
workers, of size n;, become productive in the 
second period with probability ài. Type 
1 workers are the most promising. Less- 
promising types (greater i) have smaller ),. 
To capture the idea that firms face little un- 
certainty about themselves, we assume that all 
firms are identical and all are productive. All 
workers have the same concave utility func- 
tion u over payoffs, and all firms have the same 
utility function v. Without loss of generality, 
assume that u(0) = v(0) = 0 

The equilibrium offers written in the first- 
period contracts and the number of each type 
of agents who sign them are endogenous. For 
agents who choose to wait, the second-period 
spot market is described as before: productive 
agents receive a payoff of 1 if they are on the 
short side of the market. All other agents re- 
ceive zero. Since there is no reentry, the first- 
period contract between a type i worker and a 
firm takes the following form: any type i 
worker who turns.out to be productive receives 








J Fs 

r; and the firm. receives 1 — r;. Otherwise bag eae 
receive zero. We refer to r; as the ‘‘price’* a eed 
the first-period contract with type i worker® 

We proceed by defining bid and ask pricey: 
for the workers. Different types of Workey $ 
may have different bid and ask prices. Th Y. 
prices depend on the number y; of type i Work. $ 
ers who sign first-period contracts becans 5 
‘aggregate uncertainty —the discontinuoy p% 
payoffs in the second-period spot market cop g% 
ditional on excess demand or supply~.@*: 
depends on y;. For any yı, ... » Ya, let m(y1, my Be, 
Yn) be the probability that there are more firms $>, 
in the second-period spot market than produc. #°- 
tive workers. That is, 7(y;, ..., Yn) is the prob. € `; 
ability that ex post productive workers wh } 
have not signed early contracts receive 1 in the &..- 
second-period spot market;° it represents ag. $- 
gregate uncertainty. To shorten the notation, ¥- 
we write m instead of n(Y, ... , Yn) whenever. $: 
the meaning is clear. 


B. Bid and Ask Prices 


spot market, if 
(2) (1 —à)u(0) + Nur) 
= (1 — A;)u(O) 


+ \,[7u(1) + (1 — 7)u(0) |. 
This simplifies to 
(3) u(r;) = 7wu(1). 


*In general an optimal first-period i insurance contract ¥ 
requires nonzero transfer between the two parties when : 
the worker turns out to be unproductive. Our assumption £): 
that firms do not pay ex post unproductive workers can bè $ 
justified on the ground that the worker’s ex post produc y. 
tivity depends on some effort he makes between the tw? $} 
periods. It also makes it easy to characterize the first $} 
period contracts. Subsection E relaxes this assumption. & 

î For simplicity, indeterminacy of the spot market equi 
librium is resolved by our assumption that when there al, fe. 
equal numbers of productive workers and firms, the equi 
librium is the same as when there are fewer productivé 
workers than firms. 
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oth “-2's-Therefore, the ask price of all types of workers — — — — — — — — 
Of gi~ is the same. Let r” (7 ) denote the common ask 1 T 
tst #38" price as a function of 7. In order for firms to | 
Tees £2 be indifferent between signing a first-period 
kers Ee contract with a type i worker at price r; and | 
aese. ` | “ waiting for the second-period spot market, we f | 
ork- => must have Fo ( ri ) 
“RUSE vopn o, Tei Sa ee | 
ious (4) hju(l — 7;) = (1 — w)v(1). HE- ai 
con- | 
= - Let rf (x) denote the bid price for type i work- T | 
T ers. For any types i < j, rf (m) = r{(r) for 4 (T) 
firms all +, with equality if and only if m = 1. | 
»duc- Taking derivatives with respect to m, we 
prob- have 7 | 
who 
“in the dr’(r) ul) A i 
tS ag- (5) dr — u'(r”(x)) > 0 iF Nn; 1 
ation, 
never 
6) Zm 20) f 
dr  Mw'(l=ri(a)) ri (7) 
Thus, r”(m) is increasing and convex and 
indif- r{ (x7) is increasing and concave. One can eas- 
+ 7 
eon q ily based a ay = 0, i (0) < 0, and FIGURE 1. ASK AND BiD PRICE FUNCTIONS 
perio r’(1) = r/ (1) = 1 for each i. W OFNI 
Figure 1 depicts the relative positions of the 
ask price r” and bid prices rf and rf for i < 
j. In the diagram, r” intersects rf at m; € (0, For a given type i, the ask price function 
1) and it intersects rf at m, E€ (7;,1).r°(7) >  r”(xr) may lie entirely above the bid price 
r{(m) > rf(x) form € [0, r:), rf (m) > rf (7) in Figure 1 for all + < 1. Then type i 
r’(n) > rf (x) fora E (r, mj), and r{ (r) > workers never participate in unraveling. In this 
se) A r{i(m)> r(x) for x €E (a;, 1). Therefore, case, we define the threshold 7; to be 1. 
when x > 7,, insurance gains exist from first- Whether 7; is equal to 1 or strictly less than 1 
period contracts with both type i and type j | depends on the curvatures of r” and rý , and 
Workers. Between 7; and 7; insurance gains on the probability \; if u or v is concave. The 
exist for type i workers but not for type j. curvatures of r” and r“ in turn depend on risk 
Below T; the ask price exceeds both bid aversion. If both u and v are linear (risk neu- 
Prices so there is no gain from insurance for tral), dr’/da = 1 and drf /dr = 1/),: there 
either type. That insurance gains exist only are no gains from first-period contracts regard- 
se contract when 7 is high is due to the absence of indi- less of \;. The more risk averse the agents, the 
uties when vidual uncertainty for firms. When 7 is very more likely gains from insurance. If u or v are 
APES low, the ask price of both types of workers is concave, the bid price for type i workers is 
aes neon Close to zero, but because of the individual increasing in \;, and insurance gains are more 
Do Have uncertainty of workers, the bid price foreach likely to exist if \; is greater. 
Sa the Gest: _ type is negative: firms prefer to wait for the 
sumption. — Spot market rather than to sign first-period C. Ordering Property and 
market equi- Contracts with either type of worker at any Monotonicity Property 
xen there are price. In this 5 
aeei oi ense we can say that payoff 


It is useful to think of the first-period market 
as an assignment market. If a worker and <: 


ri : 
Sks to firms are the main source of insurance 


r productive f: ae 
< Bains in our model. 
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firm sign a first-period contract, they are said 
to be assigned to each other. If a worker or a 
firm chooses to wait for the second-period 
market, the agent is said to be unassigned. In 
an assignment problem without uncertainty, 
the payoff to an unassigned worker is exoge- 
nous. Here it depends both on the type of the 
worker and on y;, because-these numbers af- 
fect aggregate uncertainty in the second- 
period spot market. Furthermore, the numbers 
are endogenous variables, determined in the 
first-period market equilibrium. 

Unraveling is signing a first-period contract. 
Type i workers unravel if the bid price exceeds 
the ask price. The market equilibrium price r; 
lies between the bid and ask. Unraveling of 
type i workers is complete if all type 7 workers 
sign first-period contracts: y; = n;. Unraveling 
of type i is incomplete if y; < n;. In this case 
all type i workers are indifferent between sign- 
ing and waiting for the second-period spot 
market. If firms sign first-period contracts with 
more than one type of worker, contract prices 
must be such that firms are indifferent between 
all these types. If some firms sign while others 
wait, we say there is incomplete unraveling of 
firms, and firms are indifferent between sign- 
ing and waiting. We assume that the total num- 
ber of n types of workers exceeds the number 
of firms. 

Two properties of the model greatly sim- 
plify the characterization of market equilib- 
rium. First, unraveling is ordered: unraveling 
of type i workers “‘precedes’’ that of type j > 
i workers. This ordering property limits the 
number of corner solutions that must be con- 
sidered. Second, the probability 7(y,, ... , Yn) 
is monotonically decreasing in each of its ar- 
guments. This monotonicity property further 
simplifies characterization of equilibrium. 


° If there are more firms than workers of all types, there 
is no insurance gain from early contracts because + = | 
and workers will definitely be short in the spot market. 
(Insurance gains still exist if firms offer full insurance to 
workers; see subsection E.) However, it is misleading to 
say that excess supply of workers is critical for unraveling 
to occur. What is more important in the early contracting 
market is the expected supply of productive workers. In- 
deed, Figure 1 shows that expected shortage of productive 
workers in the sense of relatively big 7 is necessary for 
unraveling. a 


Consider t two types of workers, i and j >i ig -E 


The ask price for the two types is the same;4 
Since type i has a greater probability of be. 
coming productive than type j, the bid price” 
for i is greater than that for j for any x < 1, 
Thus, unraveling of type j implies complete | 


unraveling of type i. The reason is as follows, $>. 
Since there is unraveling of type j, the price r #2 


paid by firms for contracts with type j is higher 
than the ask price r" (r). If there was incom- 


plete unraveling for type i, the price r; for the, ; 
contract with type i would equal the ask price. f 
r“(z), implying r; = r;. But then Aw(1 - F 


ri) > Ap Cl - rj) because AD> j, and firms | 
strictly prefer signing first-period contracts } 


with type i to signing with type j, contradicting {~ 
the requirement that firms be indifferent be- ; 
tween two types of workers if they sign with Ẹ 


both. 
The absence of individual uncertainty for 


firms implies that z(y,, ..., Yn) iS a decreasing Ẹ 
function in each of its arguments. If an addi- } 
tional pair of a type i worker and a firm sign | 
a first-period contract, the number of firms ț 
remaining in the second-period spot market } 
falls by one. Individual uncertainty for type! § 
workers means that the expected number of $ 
productive workers participating in the | 
second-period market falls by less than one. | 
Therefore, the probability that productive § 
_workers will be short in the second-period spot § 
market decreases with y,;, the number of type 3 
i workers who sign first-period contracts. The $ 


formal argument is straightforward and } 
omitted. 


D. Market Equilibria 


Comparisons between aggregate uncer- § 
tainty m and the thresholds m; determine the § 
unraveling equilibrium in the first-period maf- } 
ket. Recall from Figure 1 that 7; is defined a8 § 
the intersection between the bid and ask func- Ẹ 
tions of type i workers, and that less-promising ý 
types have a greater 7;. Gains from insurance § 
for type i exist only if 7 exceeds 7;. Aggregate } 


uncertainty depends on the number y; of each 


type i workers who sign first-period contracts ; 


and on the size n; of type i. The ordering prop- 


erty implies that in any equilibrium there is 4 , 
_ cutoff, least-promising type ią of workers that ¥ 


participate in unraveling. Recall that (0, ... » 
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n(0, ... , 0) = 7;, Set i, = 0. Otherwise, com- 
pare T(N, 0, he 0) to Ta. If n(n), 0, sog 
0) = T2, Seti, = 1. Otherwise, compare m(n, 
No, 0, sees 0) to N3. If x(n, n2, 0, .. g 0) = 73, 
set i, = 2. Otherwise, compare m(n, n2, Ns, 


before we reach the (n + 1)-th step, because 
the total number of workers exceeds the num- 
ber of firms. : | 

If the process stops in the first step and 
i, = 0, there is no unraveling of any type. At 
and below the initial condition 7(0, ...,0) = 
xı, there is no insurance gain for type 1, hence 
--f--.- no insurance gain for any other types. Unrav- 
eling of type 1 would only cause the aggregate 
uncertainty 7 to decrease further. If i, = 1, by 
construction it satisfies 


(7) a(n, wey Mis 0, zei 0) > Wins 
(8) T(N, e s Migs 0, ase: 0) = Wit ls 


gain for type i, workers after all more- 
promising types have unraveled; the second 
shows that insurance gains for type ią + 1 do 
not exist after type i, and all the more- 
promising types have unraveled. By the or- 
dering property, type i is the least-promising 
type of workers who unravel. 

The equilibrium prices and 7 depend on 
whether unraveling of the cutoff type iy, work- 
ers is complete or incomplete. If m(n, ... , ni, 

»+.,0) = T, unraveling of type iy, is com- 
plete. Insurance gains for type i,, workers still 
exist at the point where all of them have signed 


able. The equilibrium x is (7, ... , Mi, Ossis 
0). There is incomplete unraveling of firms, 
Which are indifferent between signing first- 
Period contracts with types i = 1, ... , ią and 
Waiting for the second-period spot market.’ 


7 . 
Unraveling for firms cannot be complete because 


„v are no insurance gains when aggregate uncertain 









0, ... , 0) to 74, and 3o on? This process stops ` 


The first inequality implies positive insurance 


_ early contracts, but no more of them are avail- ` 


The equilibrium price of the first-period con- 


. tract for type i workers (i = 1, ..., i) is r; = 


rÍ (n(n, ..., Ai, 0, ... , 0)), the bid price for 
type i evaluated at the equilibrium 7. Workers 
who unravel receive all the rent from first- 
period contracts. 

If m(n, ...,n:,,0,..,0) < 7;,, unraveling 
of type iẹ is incomplete. Unraveling continues 
until the equilibrium ~ is driven down to 7,,.° 
‘All the insurance gains from first-period con- 
tracting are exhausted at this point. Again, the 
equilibrium price r; of the first-period contract 
for type i workers (i = 1, ... , i) is given by 
r; = rf (m), on the bid function for type i, 
and workers more promising than type I, re- 
ceive all the rent. Both type ią workers and 
firms are indifferent between signing and wait- 
ing, but more-promising types of workers 
strictly prefer signing to waiting. — 


E. Unraveling with Full Insurance 


In the first-period contracts considered 
above, payments received by applicants de- 
pend on their ex post productivity. This kind 
of contract has the advantage of preserving 
workers’ incentives when ex post productivity 
of applicants depends critically on the efforts 
they make after signing early contracts. Firms 
do not fully insure applicants 1n this case, even 
if they are risk neutral. Nonetheless, it is in- 
teresting to analyze first-period contracts that 
provide full insurance. For example, if invest- 
ments by applicants after first-period contracts 
are not firm specific, then the applicants pursue 
their own long-term interests by. making the 
investment. In these situations, risk-neutral 
firms may be willing to offer full insurance to 
applicants in early contracts. . 

When risk-neutral firms offer full insurance 
to workers, the first-period contract with a type 
i (i = 1, ... , n) worker specifies a transfer 
payment r; to the worker regardless of his ex 
post productivity. For any given aggregate 


8 We ignore the integer problem and assume that y,’s 
can take real values. More rigorously we can assume 
agents use mixed strategies in the sense that the probabil- 
ity of signing a first-period contract can be any number 
between 0 and 1. 


I 
ys 
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FIGURE 2. ASK AND BID PRICE FUNCTIONS 
WITH FULL INSURANCE 


uncertainty 7 € [0, 1], the ask price r; (7) of 
type 7 is the solution to 


(9) u(r) = d;7u(1). 
The bid price for type 7 is given by 
(10) r{(m) = - (1-7). 


Ask and bid functions have the following 
properties: (i) both are increasing in 7; (11) ask 
price is zero and bid price is negative at x = 
0. and bid price exceeds ask price at 7 = 1; 
and (iii) ask and bid functions have a unique 
intersection 7.” [See Figure 2.] 

The ask and bid functions can be compared 
to their counterparts in Figure 1 when firms 
are risk neutral (v is linear) but first-period 
contracts do not provide full insurance. We ob- 
serve that there is more to gain when firms 
offer full insurance, even though both ask and 
bid functions shift down (with full insurance, 
workers ask less and firms bid less). Without 
full insurance, gains from insurance may not 
exist for any 7 if à; is too small (ask exceeds 
bid for all m < 1), but insurance gains always 
exist with full insurance for any \; < 1 if 7 is 


? We use the same notation to ease the burden. 












Aa 
great enough. [See Figure 2.] Moreover, vf 
any à;, the critical aggregate uncertainty: ¥* Ts 
below which insurance gains do not exist, ¢ 
be shown to be lower with full insurance ne 
without full insurance. > ae 
As before, insurance gains are greater fa | re at | 
more-promising types: the critical aggrega | ee 
uncertainty 7; is smaller for more-promis; ae 
types. Therefore, the ordering property is pr, | f ia 
served under full insurance. Unraveling of any # 
type i implies complete unraveling of all type! s 
more promising than i. To see this, note thy B: 
unraveling for firms cannot be complete bẹ $; y 
cause there are no insurance gains for any typ | i 
when aggregate uncertainty 7 equals 0. Thuy ¥ g 
in equilibrium firms are indifferent betweenal §. oi 
types of workers with whom they sign eatly F 
contracts and waiting for the second-peinl 
market. This implies that equilibrium first €17 
period contract prices for these types are given | a A 
by their bid prices rf (mr) evaluated at the § : 
equilibrium aggregate uncertainty. If some ¥ “pe 
type j workers unravel, then rf(r) 2 f 7 
r; j (T), implying 7 = 7;. Since m; < a, for any ¥ 
type i more promising than type j, 7 > Ti, ant § 
so rf (x) > rj'(1). Therefore, unraveling d] of te 
type i is complete. i 
Since the monotonicity property of aggre $- = 
gate uncertainty holds as before, we can fidẹ 
the equilibrium 7, the cutoff type, and equilib § . E. “et 
rium prices in exactly the same way as in thf... oe 
previous section. The discussions about com $ pin 
parative statics analyzed next apply to vik 
early contracts without full insurance and with 
full insurance. 


















F. Comparative Statics Š 
Using the characterization of unravel 
equilibrium established above, we now aë 
dress how changes in relative numbers of 
ferent kinds of agents, the average quality a Í 2 a 
workers, and the degree of heterogeneity #402 
fect the likelihood of unraveling of differet!§ pas 
types, equilibrium prices, and ex ante welfat $ Pa 
in terms of first-period expected utility. +4 
From the ordering and monotonicity prof- 5s 
erties, the necessary and sufficient conditions E aN 
for unraveling of type i 1s m(ny,-... , Mj—19 Ra 
, 0) > z;. In an assignment market witho pee 
uncertainty, equilibrium payoffs are detet § 
mined by relative numbers of different tyg zE 
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as the determinants of equilibrium. The thresh- 


<. olds m; do not depend on relative ‘numbers of 
-> market participarits, but m(n, ... 
'": 0) decreases as the number n; of any type i` 


s Ai], O, se. 3 


workers increases or as the number of firms 
decreases. Therefore, unraveling of any type i 
workers becomes less likely as the relative 
supply of the n types of workers increases. 


` Furthermore, given the total number of work- 
; + ers, unraveling of more-promising types is less 


likely the greater the proportion of more- 
promising types of workers in the distribution 
of types, because a greater proportion of more- 


-~ promising types on balance decreases m(n, 


w,M;~1, 0,... , O) for any small i. 
. The effects of numbers of market partici- 
pants on equilibrium prices and on ex ante 
welfare of market participants depend on 
whether unraveling of the cutoff type i, is 
complete or not. Relative numbers do not af- 
fect bid and ask functions, so if unraveling of 
type ią is incomplete, changes in the numbers 
of different types of market participants on the 
margin have no effects on prices and hence no 
effects on the expected utility of any type of 
agents who enter early contracts. However, if 
unraveling of type i, is complete, changes in 
the numbers of market participants can affect 
the equilibrium prices through a(n, ... , Ni,» 
0, ..., 0). Increasing the number of any type i 
of workers and decreasing the number of firms 
lave the same effect of reducing the equilib- 
num prices r; for types i = iy, because they 
reduce m(n,, ... , ni,» Q, ..., 0). The ex ante 
welfare of all types of workers who unravel is 
decreased while welfare of firms is increased. 
Types that in equilibrium do not unravel are 
© worse off, because the equilibrium v, the 
probability of ex post productive workers re- 
fall l in the second-period spot market, 


F Across-the-board changes in the prospects 
of applicants have ambiguous effects on the 
ood of unraveling. With an increase in 


; _ A, the bid function for each type i shifts up 
de e the ask function stays the same, so 7; 
7 tases and insurance gains increase for 
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type i workers. [See Figure 1.] This tends to 
increase the likelihood of unraveling for type 
i workers. But an improvement in the pros- 
pects of all applicants also leads to a decrease 
in the probabilities m(n, ... , m-1, 0, ... , 0) 
for all i. This tends to decrease the likelihood 
of unraveling for all types. Thus, changes in 
the likelihood of unraveling are ambiguous. 
Similarly, changes in-the degree of hetero- 
geneity among workers affect both the average 
quality of workers available in the second- 
period spot market through changes in n(n, 
. , N;~;, Ô, ... , 0), and the insurance gains 
for individual types through changes in z;. A 
‘“‘compensated’’ change in heterogeneity is 
one that isolates the two effects. For example, 
suppose initially 7(0, ...,0) < x; so that there 
is no unraveling. Consider an increase in X, 
and a decrease in à, that increases heteroge- 
neity among workers but keeps 7(0, ... , 0) 
unchanged. This decreases m; and increases 
the insurance gains for type 1. If the changes 
are sufficiently large, type 1 unravels. More- 
over, Mni, ..., Ai-i, O, ..., O) increases for 
all i. Therefore, the likelihood of unraveling 
for all types (except perhaps for type n) 
increases as a result of the increase in 
heterogeneity. 

We conclude with the welfare effects of 
banning first-period contracting. Workers who 
do not unravel in equilibrium benefit from 
such a ban, because under the ban the proba- 
bility that ex post productive workers receive 
1 equals 7(0, ..., 0), which is greater than the 
equilibrium probability m(n, ... , Ai, 0, ..., 0) 
or 7;,. For the same reason, the ban hurts firms 
unambiguously. The welfare effects of the ban 
on workers who unravel can be ambiguous. 
These workers receive rents from signing first- 
period contracts rather than waiting. Whether 
they are made better off or worse off by the 
ban depends on the rent they receive and the 
impact the ban has on the difference between 
the equilibrium value of a and 7(0, ... , 0). 
More-promising types are more likely to be 
hurt by the ban because they receive bigger 
rents. 


mM. Unraveling with Reentry 


The contracts analyzed above are inefficient 


in both the first period and the second period. 


~ 
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Pairwise first-period contracts cannot replicate 
the gains from risk sharing implied by com- 
plete contingent contracts. In the second pe- 
riod, ex post inefficiencies are caused by the 
restriction on recontracting for those ex post 
productive agents whose first-period contracts 
proved unsuccessful because their partners 

. turned out to be-unproductive. In this section, 
ex post productive agents are allowed to enter 
the second-period spot market. This amounts 
to allowing firms to ‘‘buy out’’ of their ex post 
unsuccessful first-period contracts.'° Ineffi- 
cient risk sharing remains in the first period, 
but ex post inefficiencies are eliminated be- 
cause all ex post unsuccessful first-period as- 
signments are dissolved. 


A. Buyout Provisions 


We need to analyze the terms of buyouts. 
Consider what happens when a type 7 worker 
(i = 1, ..., 1) in a first-period contract with a 
firm turns out to be productive. If the spot mar- 
ket happens to be long on productive workers 
and they receive a spot payoff zero, the firm 
must pay the first-period contract price of r; to 
the type i worker anyway, so there is no ad- 
vantage to buying out. Similarly, if the spot 
price for productive workers is 1, there is no 
advantage to buying out for the worker. Thus, 
the terms set by the initial contract cannot be 
advantageously renegotiated 1f the early con- 
tract turns out to be successful. Next, consider 
what happens when a first-period contract is 
successful. If the spot price for productive 
workers is 1, the firm and the worker gain 
nothing from buying out. Competition among 
firms implies that some of them will buy out 
of their contracts paying their ex post unpro- 
ductive partners 0, and rematch to the ex post 
productive workers who have not signed first- 
period contracts paying them 1. But for the 


'° The reason why firms buy out unsuccessful contracts 
here is that they have no individual uncertainty: ex post 


productive workers who sign first-period contracts are al- ` 


ways efficiently assigned to productive firms. Buyout will 
be two-sided if there is individual uncertainty for firms as 
well as for workers. See Li and Wing Suen (1997). Also, 
note that when firms are risk neutral and offer full insur- 
ance to workers, first-period contracts are necessarily 
binding because there is no room for renegotiation. 







worker and the firm who have signed a figs: f 
period contract, it is as if the buyout hal = iE 
taken place. Therefore, for these agents, me 4 
ingful buyouts occur only when the contrag $ 
unsuccessful and the spot price of Pro An 


workers is 0. 


buyout, renegotiation amounts to ‘an up ra a 
contingency clause that specifies the terms ay ¥. 
the market circumstances of a buyout. Tye 
firm pays the ex post unproductive typej¥: 
worker r’ to buy out of the contract when pp # 
ductive workers are available in the secon $: 
period spot market at the price of 0. Since ty#: 
joint gain from the buyout is 1, the two agen. 
in the first-period contract are in the same p Ẹ- 
sition as they would have been had the work, ¥- 
been productive. An optimal first-period cor 
tract should share risks in the same way A 
Therefore, r’ = r;.' : 


„a 
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B. Market Equilibria 


The analysis of equilibrium unraveling wih: 
reentry proceeds as before. In fact, the analysi§ 
becomes easier. With buyouts, all ex post itẹ 
efficient assignments are eliminated and th 
key probability a that productive workers at} : 
short in the second-period market is indepetį i 
dent of the number of workers y, who sig F: 
first-period contracts. Thus m is no Jongi ; 
endogenous. iB 

As | in the previous section, we first chare l 
terize the bid and ask functions. For any fixed F 
m E [0, 1] andi=1,...,n, let r?’ (r) ve 
solution to the equation 













diy ==) 7 =u: ; 


"When the cost of reentry is a number k € (0, |} : 
instead of 0 in this section and | in the previous seci® i k 
equilibrium first-period contracts specify the divisio® a 
the output 1 when the type i worker turns out to be P&g: 
ductive and of the output 1 — k when he is not producti; & 
but productive workers are on the long side in the seco gr 
period market. The payoff risks in these two continget si 
must be optimally shared between the two parties. 
analysis of unraveling with costly reentry is similar t0% 
in this section. The only change is that insurance gi : 
may not exist when 7 is small because reentry is a) >a 
and the cost of reentry reduces the value of paun y 
insurance contracts. 
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f- “ask and bid functions. It is straightforward to 
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V and bid price functions are increasing in 7; (ii) 


ask and bid prices equal zero at m = O and 


“greater than ask price for all m between 0 and 
1. [See Figure 3.] Unlike the previous section, 
insurance gains exist for all values of 7 for all 

s of workers. 


z.: 1 Without reentry, ask prices are the same for 
wa the worker f° “oy ale F 


-period con- |; 


same way. {f . js greater for more-promising types and unrav- 


all types of workers and bid price is greater for 
more-promising types. The value of insurance 


eling of workers is ordered by type. Here, both 
the bid and ask prices are greater for type i 
workers than for type j > i at each value of z. 
It can be shown that although type j workers 
are willing to accept a lower price for first- 
period contracts, the fact that \; > N still im- 
plies that at any ~ firms prefer to sign with 
type i workers at their ask price r7 (7) rather 
than with type j at r}’(a). With this result, it 
can also be shown that any unraveling of type 
j workers implies complete unraveling of type 
i.’ The order is preserved when buyout and 
reentry are permitted. 

With reentry of firms whose first-period 
contracts proved unsuccessful, the equilibrium 
probability that ex post productive workers 
who have not signed first-period contracts re- 
ceive a payoff 1 in the second-period spot mar- 
ket equals 7(0, ... , 0), just as if no agents had 


i 

The argument is as follows. Unraveling of type j 
iene implies that there is a price r; = r”(7). Since 
ree Prefer first-period contracts with type i workers at 

i (7) to contracts with type j at rj (7), there exists a 
Price 7, > ry (x) such that firms prefer contracting with 
oe ie pei: with type j. Since type i workers also 
inser t-period contracts at such r; to waiting, there is 
ove: ae of type i if there is unraveling for type j. More- 
unravelin veling of type i is complete, because incomplete 
indiffere & would imply that r; = r} (a) and firms are 
pana nt between type i at r? (7) and type j at some 
1% r] (x), which is impossible. 
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FIGURE 3. ASK AND Bip PRICE FUNCTIONS 
WITH REENTRY 


signed first-period contracts. Finding the first- 
period market equilibrium can be thought of 
as a pure assignment problem because aggre- 
gate uncertainty m is no longer endogenous. 
Since the ordering property is preserved, the 
least-promising type of workers who partici- 
pate in unraveling is type i such that the total 
number of firms is between £i! n; and 
=i. n. There is incomplete unraveling of the 
cutoff type ią, and the equilibrium price r;, of 
first-period contracts with the cutoff type 
workers equals their ask price r7(7(0, ... , 
0)). The equilibrium price r; of contracts with 
any type i more promising than type i, is de- 
termined by the indifference condition of firms 
between type i and type i,: 


(13) [1-(1 —d,)2(0, ..., 0) Jv(1 - 7) 
en [1 = (1 gg Ai, (0, oes , 0) ] 


x v(1 — r¥)(xz(0, ... , 0)). 


Since at any v firms prefer to sign with type i 
workers at their ask price ry (mr) rather than 
with the cutoff type i at r? (a), the equilib- 
rium price r; for type i workers is greater than 
their ask price r?’(7(0, ... , 0)). Moreover, 
since bid price exceeds. ask price for type ix at 
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any 7, and since firms are indifferent between 
the cutoff type i, and any more-promising 
type i, the equilibrium price r; of type i work- 
ers is below their bid price rf (7(0, ... , 0)). 

Thus, the rent from first-period contracts is 
shared between workers and firms who sign 
them. 


” ~——" mh we * 


C. Welfare Comparisons 


Unraveling with recontracting provides 
some insurance in the first period without sac- 
rificing the ex post efficiency of assignments. 
Therefore, a ban on first-period contracting 
with reentry hurts market participants as a 
whole. In particular, firms and workers that are 
more promising than the cutoff type i, are 
strictly worse off under the ban. Welfare of 
those less promising than the cutoff type is 
unaffected. 

It is also of interest to compare welfare with 
and without reentry. Reentry shifts bid price 
functions up because firms are willing to pay 
more for first-period contracts with any type i 
of worker at any 7. It shifts ask price functions 
down because type i workers are willing to 
accept less to sign first-period contracts. More 
workers and firms sign first-period contracts 
when reentry is allowed. In general, buyouts 
must improve welfare, but there is a question 
of how the gains are distributed among various 
types of agents. It is possible that some agents 
become worse off with reentry. 

Reentry unambiguously improves welfare 
of those workers who choose to wait in the 
equilibrium without reentry. With reentry, the 
more promising of these workers sign with 
firms in the first period, and they prefer signing 
to waiting at 7 = 7(0, ... , 0). The rest still 
wait for the second-period spot market. Both 
these two groups are better off, because with 
reentry, 7(0, ... , 0) is greater than the equilib- 
rium 7 without reentry, and so waiting yields 
a greater expected utility when reentry is al- 
lowed. Welfare comparisons for firms and the 
types of workers who unravel in the equilib- 
rium without reentry are more complicated. 
Whether allowing reentry makes firms better 
off depends on the rent they receive from first- 
period contracts with reentry. Without reentry, 
firms are indifferent between signing and wait- 
ing at an equilibrium ~ that is smaller thar 


~ -that-they will accept unfavorable terms in fp è> 


7(0, . 0). With reentry, firms prefer sig; 
to waiting at 7(0, ... , 0). Allowing reei Sage 
makes firms worse off if the equilibriu oh 
without reentry is sufficiently below 7(0, ui aid 
0) that firms are able to sign first-period ġġ ag k 

tracts at very low prices. “This occurs wha Recs 
workers are so risk averse for low values of; y 














period contracts without reentry. Similarly, 
welfare effects of allowing reentry on tk 
types of workers who participate in unravelig 
without reentry depend on how reenty 
changes the rent they receive from lirst-perig = 
contracts. : 


IV. Concluding Remarks 


In labor markets for young professions; 
and other situations where information is itp 
perfect but matching people to positions ising “ig 
portant, uncertainty produces anxiety ow- =m 
how participants will make out and to whoif’? => 
they will be matched. Young people in tk = tiv 
marriage market have worried about whetha#! Edu 
there exists a mate out there meant just fa}: “all 
them. Applicants for jobs and for admissiont¥: ci ip 
schools are concerned that their preferred fim§* - ful 
or school might not want them, and that therg. tfo 
may be keen competition for positions. Tha - tho 
fear being passed over and not ‘‘getting in.” #: i. 

The problem i is not confined to applicant ¢: 
Firms worry about filling available position $=. 
Colleges that fail to attract their targeted frest ¥- 
men class size leave serious money on the ttf: 
ble: the marginal cost of students belog. ae 
capacity is much smaller than average cost pap: 
student. Hospitals that fail to find qualified ite: ‘Wa 
terns and residents, and law firms unsuccessiik =. : 
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in recruiting promising associates, face hight 
costs because other people’s time must be 
verted to these tasks. Firms behave as if wf 
were risk averse under such circumstances. : &- 
The model developed here is the first to wf A 
alyze the competitive market and pricing *% 
pects of these kinds of problems. % 
uncertainty about each candidate’s future pék a 
ductivity is resolved only with time. De 
both workers and firms alike, shares comm™s 
knowledge of these prospects along the wal a ia 
The tendency toward early contracting 
unraveling—noted by Roth and others ise 
manifestation of attempts to eliminate thes 1 
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ee hinds of anxieties when, for a variety of rea- 
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“should they prove productive but too many 
:= qualified applicants become available later. 
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insurance is incomplete. Early contracts 


ae r i A 
ee who accept them. They partially insure 
“7 workers against being shut out of the market 


They partially insure firms against the risks of 


ne 


being shut out of the ex post spot tharket- ° 


should qualified persons be in short supply. 
But there are costs of early contracts. They are 
made with imperfect information. Some of 
them are bound to be inefficient ex post. None- 
theless, the ex ante benefits from insurance 
to participants exceed the ex post inefficient 
matching costs when unraveling occurs. Un- 
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markets, waiting and showing proof of one’s 


participate when marketwide insurance is im- 
possible to arrange. In this sense, like all ex- 
ternalities, it is a manifestation or a “‘missing’’ 
market. 

, A main result of our analysis is that incen- 
tives for early contracts are ordered on the pro- 
ductivity potential of applicants. If observed at 
all, unraveling occurs among candidates who 
appear to be most promising a priori, before 
full information is revealed. This result con- 
trasts with models based on private informa- 
tion, where the ordering goes in the opposite 
direction. For instance, Theodore Bergstrom 
and Mark Bagnoli (1993) show that in mar- 
fiage markets where participants possess 
private information about their prospects, 
More-promising candidates marry later. Time 
Signals their private information to others. 
Less-desirable persons do not benefit from 
waiting and contract early. 

- There are virtues in both formulations, de- 
pending on the application. In real marriage 


superior qualities tends to attract superior 
Mates. Is this not the traditional economic rea- 


. Son why husbands tend to be older than wives 
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vmOre-experienced hands are common knowl- 
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ge. The data are rather more impersonal and 
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more easily communicated directly to outsid- 
ers than are traits relevant to familial marriage. 
They are not the exclusive personal property 
of the candidates themselves. In fact there are 
serious questions of whether candidates can 
even form accurate and unbiased estimates of 
themselves in these situations (e.g., see Rosen, 
1986). 

- Unraveling is not a. common feature of 
entry-level labor markets. The imperfect in- 
formation aspects of matching that provoke it 
are not nearly so important as other features of 
employment in many labor-market settings. 
Yet unraveling seems more prevalent today 
than in an earlier era, when information, stan- 
dardized tests, and other credentials were far- 
less routinized. Limitations on the technology 
of assessing prospects’ potential productivity 
based on common criteria make it more costly 
to order prospects among participants. When 
there are more differences of opinion, fears of 
being shut out ex post are of less concern. 
Standardized tests and other improvements in 
the market’s ability to classify applicants’ fu- 
ture potential have encouraged the rush toward 
early contracts in many situations and likely 
will continue to do so. 

Another important implication of our model 
is that unraveling does not always occur in a 
competitive matching market. For unraveling 
to arise, participants must anticipate that the 
most-productive workers are likely to be on 
the short side of the spot market should every- 
one else choose to wait. This feature also ac- 
cords with observation. 

Unraveling in the medical interns and res- 
idents market first occurred after World War 
H, when there was an extreme shortage of 
qualified doctors and medical schools, and 
hospitals were making great efforts to im- 
prove their quality. Early competition for 
clerks among American judges is a very re- 
cent phenomena unquestionably associated 
with the huge increase in demand for judicial 
litigation and increased court case loads. 
These demands impose much greater burdens 
on judges today. Judges caught short or with- 
out capable clerks have much more work to 
do, without a compensating increase in pay, 
than those who manage to attract talented 
aides. Similarly, early contracts via summer- 
intern network connections for young law as- 
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sociates are also a recent phenomenon. It has 
been caused by the rapid growth of large, 
general-purpose law firms, in conjunction 
with the tendency for the size and importance 
of legal claims to be concentrated on the bet- 
ter firms (Steven Spurr, 1987), and the high 
concentration of student credentials among a 
relatively..small number of top law schools. 
Finally, the tendency for young basketball 
players to skip college or leave early for pro- 
fessional basketball has been associated with 
a general increase in demand for the game 
that increased the premium for outstanding 
talents and the inability or unwillingness of 
‘‘amateur’’ teams to compete in the market- 
place. Each of these examples lends credence 
and broad empirical support to our way of 
looking at the problem. 

Given that unraveling is caused by a kind of 
market failure, it is easy for us as economists 
to think of improvements. One obvious alter- 
native is for firms to buy out of early contracts 
that prove unsuccessful ex post. Provisions of 
this kind, however, are seldom observed. Per- 
haps additional moral hazard considerations 
are involved. It may be difficult for parties to 
agree on enforceable tests of what constitutes 
success. The abolition of mandatory retire- 
ment in the United States has made such prob- 
lems familiar to academics. Or 1t may be 
largely distributional elements that suppress it, 
similar to the group interests that support many 
inefficient economic policies. The distribu- 
tional consequences of shutting down the re- 
contract market in our model are less than 
compelling on that score. 

In fact, the phenomena of early contracting 
and unraveling often provoke efforts to pro- 
hibit it, not unlike disarmament treaties. The 
medical interns and residents matching pro- 
gram that first motivated economic thinking on 


these matters is such a case. It arose out of the . 


concerted attempts by hospitals to eliminate 
early contracting and the mismatching that re- 
sulted from it. In our model, unraveling, when- 
ever it occurs, unambiguously benefits firms 
ex ante and harms less-promising candidates. 
Moreover, no compelling case can be made 
that it harms the better applicants —it is likely 
to help many of them—so this kind of ‘‘col- 
lusive’’ thinking is hard to apply in this 
context. - 
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Before conceding much on this poing 
hasten to point that our analysis is limite 
price mechanisms. An important feature gj oft 
interns’ and residents’ matching progran; $ 
that it greatly limits the role of prices. Wi 
wages and working conditions vary Subst fe A 
tially from hospital to hospital, wages ; a at 
other terms are, posted in advance of the as P 
and applied uniformly to all who are accep ~ 
An analogy would be a situation where ey% = fs 
graduate department posted identical felloeg 
ship terms that applied to all applicants We: 
are admitted and accepted the offer. The py 
is that prices are not allowed to clear theg¥ 
signment market at the actual contract poin ge 
Similar restrictions have been observed ind}: 
legedly collusive agreements among collégy ae f 
to limit price cutting in the form of scholg fetisi 
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outside the scope of our market-cleatiyg er. 
model, it certainly seems possible that resti¢g:. s: 
tions on price competition would be prefer Bods 
by firms. 
Finally, aggregate uncertainty about thy’ K 
value of productive characteristics plays aak: 
cial role in our model. There is an imponas- 5 
sense in which it causes uncertainty about thy: 
availability of positions that motivates the ns®: 
to sign early. We believe that these conside `: < 
ations are important for understanding assighp:*:"~ 
ment markets for discontinuous types pzs; 
agents. However, it can be shown (Li abge::3 
Suen, 1997) that aggregate uncertainty is ip: 
necessary for unraveling to occur. Individi 
uncertainty alone can produce situationy ss 
where the gain from insurance in early cob: 
tracts outweighs the loss of ex post efficieng’;' 
from mismatches. i> 
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Motivation and Markets 
By W. BENTLEY MACLEOD AND JAMES M. MALCOMSON* 


Many workers receive pay based on subjectively assessed performance, yet the 

shirking, model of efficiency wages excludes it. This paper incorporates such pay, 
with the following results. Performance pay is more efficient than efficiency wages 

when the costs of having a job vacant are low and qualified workers in short 
supply. More capital-intensive industries pay more than less capitai-intensive 
industries, as observed in studies of interindustry wages differentials. Sustaining 

an efficient outcome requires a social convention similar to the notion of a fair 
wage. The model also makes predictions about the relationship between turnover, 

wages, growth, and unemployment. (JEL D82, J41, O15) 


The difficulty of measuring individual per- 
formance in an objective way limits the use of 
legally enforceable performance pay to moti- 
vate employees. This paper shows that the use 
of self-enforcing agreements as an alternative 
can help us understand a number of apparently 
unrelated phenomena in labor markets. The 
model developed here has implications that go 
beyond those of the shirking model of effi- 
ciency wages of Carl Shapiro and Joseph E. 
Stiglitz (1984) commonly applied to such sit- 
uations. It makes predictions about the form of 
efficient incentive agreements. It provides a 
reason for more capital-intensive jobs to offer 
higher pay. It also provides a reason why no- 
tions of fairness may play an important role in 
the minds of labor-market participants without 
appearing in econometric studies as an impor- 
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Efficiency wage models rely on high waga {i= mil 
to provide incentives, yet this is not the onl: tó. 
form of compensation we observe in practice $- agre 
Firms also motivate workers with promises d$- 43T} 
bonuses and promotions. In many cases theg}: perfc 





promises are only informal or are based mf tyat 
subjective assessments of performance that” ditio 
make them unenforceable at law. For exampl¢ . W6 t 
in the 1990 Workplace Industrial Relation. éffic 


Survey for the United Kingdom, 34 percent! jobs. 
employees were reported as receiving som. high 


form of merit pay, ‘‘which depended on a sub 4 Exar 
jective judgement by a supervisor or manag: tries 
of the individual’s performance” (Nelt* fine 


Millward et al., 1992). In the 1988—1990 Nef.” €Xpe 
tional Longitudinal Survey of Youth (NLSY) $; AU 
for the United States, 14.1 percent of. the itf Sow: 
dividuals reported receiving bonuses and Ag." Bei 
percent reported some form of performaté::.. plier 
pay (a bonus, commission, or piece rate), f; Tepl: 
though we do not know the extent to whid : 













this pay is based on subjective assessments @f:-. the 
performance. Moreover, employees who g -<7 3 


paid fixed wages or salaries may get promos; 
for subjectively assessed good performant% 
Hence asking when firms are likely to use suf 
jective rewards is an empirically relevati. : 
question. Po 

Clive Bull (1987) derives incentive COP Po ta 
straints that ensure firms pay promised 0%: 
nuses that are unenforcable at law. Macis i 
and Malcomson (1989, 1993b) show that 0%% 
can pool the incentive constraints for the D7" 
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po A worker and prove that, provided there is 


cient rent from employment, firms may 


d ose either efficiency wages (high wages com- 


ipa “bined with the threat of dismissal) or perfor- 
. “mance pay (workers paid an end-of-period 
<< ponus if their subjectively assessed perfor- 
r, as “nance is satisfactory )-to motivate employees, . 
= “This rent is the difference between the returns 
$= to the current relationship and those in the spot 
cz parket for labor.! Should either the worker 


= shirk or the firm not pay the bonus, a separa- 


“tion occurs that harms the offending party 
~ throug the loss of the future rent from the 
relationship. A practical example of this is the 
ease of the highly paid traders discussed in 
James B. Stewart (1993) who quit First Bos- 
ton Bank because their bonuses were smaller 
“than they felt they had been promised, despite 
-“seceiving total compensation of over one-half 
~ “million dollars. When there are sufficient rents 
‘tothe relationship to enforce an agreement, the 
agreement is called self-enforcing. 
'..This paper models the choice between 
performance, pay and efficiency wages to mo- 
tivate employees as a function of market con- 
ditions. In the spirit of F. A. Hayek (1982), 
we examine the form of compensation that an 
| efficient market would select.* With some 
fobs, the cost of having the position vacant is 
high relative to the value of a worker’s time. 
( Examples are jobs in capital-intensive indus- 
< - tries where workers are either on an assembly 
¢ line or involved in surveying the operation of 
f ~ €Xpensive equipment. If such a position is not 
| _ filled, the equipment may have to be closed 
- down or else used only inefficiently. At an ef- 
ci ient equilibrium, firms must be able to re- 
a ` place such workers quickly. But if a firm can 
2 Replace a worker immediately with a close 
stitute on similar terms, it cannot be earn- 
zing a rent from employing that worker. Thus 
Tent required to make the compensation 
` agreement self-enforcing must go to the’ 
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a model, firms and workers are risk neutral and 
€ total return to a relationship is the sum of profit 

-Če diff utility in money terms. The rent to the relationship is 

Ro = ‘erence between this sum and the sum of profit plus 

Zh Ui and worker were to take their next-best mar- 
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ives, 
s the role of the market that distinguishes the pres- 
r from MacLeod and Malcomson (1989, 1993b). 
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worker in the form of a high wage, with the 
threat of job loss to provide motivation. A rent 
must also go to new employees. If it does not, 
the firm could increase its current profits by 
replacing a current employee with a new one 
at a lower wage. Anticipating this, the current 


_ employee would expect no rent from future 


employment and so shirk. In an efficient equi- 
librium, therefore, firms pay efficiency wages. 

Conversely, consider jobs for which work- 
ers are in short supply—for example, sports 
stars or traders in financial markets. Even 
though these workers may earn high wages, 
they could earn high wages at other jobs and 
hence the threat of firing is not a motivator. In 
this case the efficient market equilibrium has 
performance pay. Where performance is sub- 
jective and performance pay thus not enforce- 
able in court, firms have an incentive to renege 
on a bonus at the end of the period. Perfor- 
mance pay can nevertheless be enforced by the 
threat of workers either quitting or performing 
poorly in the future, but only if the firm re- 
ceives a future rent from continued employ- 
ment. The actions of the disgruntled traders at 
First Boston described above show that such 
threats are a practical possibility. In this case, 
the rent from hiring new employees must also 
go to firms, as otherwise employees would quit 
for higher pay even if paid the bonus. 

We also consider a simple two-sector econ- 
omy in which both efficiency wages and per- 
formance pay occur in equilibrium. The model - 
predicts that workers in capital-intensive jobs 
receive higher pay, consistent with the evi- 
dence found in William T. Dickens and 
Lawrence F. Katz (1987) and Kenneth R. 
Troske (1994). There is then an ambiguous 
relationship between turnover and pay. In in- 
dustries that use high wages to motivate work- 
ers, relative wages increase with the rate of 
turnover. Conversely, when workers are in 
short supply and incentives are provided with 
bonus payments, total compensation is nega- 
tively related to turnover. In the absence of a 
motivation problem, turnover would not effect 
equilibrium wages in the model. 

Equilibrium in this two-sector economy ex- 
hibits some interesting dynamics. We consider 
the characteristics of the equilibrium when 
there is a spurt. of growth in the capital- 


`- intensive sector, resulting in labor moving into 


no 
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that sector and thus increasing turnover in the 


less capital-intensive sector. This temporary 
increase in turnover raises the rent required for 
an agreement to be self-enforcing and results 
in the short run in a decrease in wages, an in- 
crease in unemployment and inequality, and 
an initial slowdown in total output. All of these 


. effects are temporary, but they -signal that the 


benefits of economic growth to workers may 
be only long run, not immediate. 

The model also provides a way to think 
about the role of fairness in wage determina- 
tion. Survey evidence in Roger T. Kaufman 
(1984), Daniel Kahneman et al. (1986), Alan 
S. Blinder and Don H. Choi (1990), Truman 
F. Bewley (1997), and Carl M. Campbell I 
and Kunal S. Kamlani (1997) indicates that 
firms believe that treating workers fairly 1s im- 
portant. Of the managers interviewed by 
Blinder and Choi (1990), 79 percent per- 
ceived ‘‘a wage reduction to take advantage of 
labor market slack’’ as unfair, and 95 percent 
thought their workers would perceive it as un- 
fair. Moreover, 95 percent also thought that a 
reputation for an unfair wage policy would re- 
sult in reduced work effort. This illustrates 
how deeply the convention is ingrained on 
both sides of the labor market. Kaufman 
(1984) comes to a similar conclusion for Brit- 
ain, even for nonunionized firms. 

In the current model, the level of wages and 
form of compensation in an efficient equilib- 
rium depend on market conditions, turnover 
rates, and vacancy costs, and not on any ex- 
ogenously imposed notions of fairness. How- 
ever, the existence of a self-enforcing 
agreement that sustains equilibrium depends on 
a convention such as fairness. When employees 
are paid efficiency wages (and thus receive the 
rent from employment), firms have an incentive 
to try to lower wages for the current period be- 
cause it is high future wages, not high current 
wages, that provide the incentive to perform. If 
employees anticipate that firms will succeed, the 
incentive to perform in the previous period is 
removed. Sustaining an efficient equilibrium 


thus requires a convention such as fairness that 


prevents wages being bid down. In the model 
this convention is an equilibrium because firms 
believe wage cuts today will result in workers 
shirking in the future, in exactly the manner de- 
scribed in the survey evidence. Conversely, 
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when bonus payments are used, firms are i ie 
duced to pay the bonus only because of a à Bee 
from continuing the employment in the bp P 







tive to pay the bonus in the previous Paio, i |s 
destroyed. Thus sustaining an efficient equilib § ij 
rium in this case requires a convention that pe veto 
vents wages being bid up. Ergi 
The structure of the paper is as follows. Sen a, 
tion I reviews the theory of self-enforcing agre i T 
ments and discusses how the existence of such $: -? 
agreements is related to the concept of a fay. = 
wage. Section H examines the nature of a marke = a S 
equilibrium in self-enforcing agreements and {4 8 
shows how the form of agreement is related tof: 
the cost of having a job vacant. Section M conf: * ¢, 
siders the two-sector version of the model. Sec §” 
tion II, subsection A, examines the form of Ẹ' 
interindustry wage variation as a function of cap ¥ 
ital intensity in the two sectors. Section II, sub £ 
section B, presents simulation results of the F 
effect of growth in the capital-intensive sector. | 


J. Self-Enforcing Agreements 


We model employment as a long-term re- § 
lationship governed not by a formal contract 5 
but, following the insight of Ian R. MacNeil t: 
(1974), by an informal agreement about how | ( 
the parties are to behave. At the: beginning of |; 
each period, worker and firm agree on a com ¥ 
pensation package that includes a fixed wage £ 
component and possibly an end-of-period bo- § 
nus. The worker then decides the level -of ef & 
fort to supply, followed by the firm deciding & 
the level of bonus pay. At the end of the pe & 
riod, either party may decide to leave the cul ¥, 
rent relationship. In the spirit of the a : 
contracts literature stemming from Sanford J. § 
Grossman and Oliver D. Hart (1986), we sup | | 


pyomon reuse Mm weAgagqran gs 


worker is observed. by the firm, important as- f 
pects of performance are not measurable in ê { 
way that can be verified in court.’ Hence thé & 


3 See MacLeod (1997) for a formal model of Oliver E. $ 
Williamson’s (1975) insight that bounded rationality im i 
plies contract incompleteness. 
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IE oop? Sa Be 

we igs Beas cannot be made a legally binding con- 
a reri: Be tract tying pay to performance. An agreement 
(Fut a an be made self-enforcing by the worker quit- 
ave ay fF gag or shirking in the future, and by the firm 
Currey. E- giing the worker or cutting the bonus, if the 
at pm.” §-gereement is broken. This section provides a 
f firme. Seem Jete characterization of the set of self- 
incer- z- enforcing agreements and illustrates the role 
tod is -fofa fair wage convention in ensuring the ex- 

quilib> §°"jstence of an equilibrium. 
at pre. $2 3 Consider a market for homogeneous labor 
. Feith discrete periods that correspond to the 
'S. Sec: “<2 ini imum time a worker is employed. There 
Sagres. £3"aré. L identical workers and, in contrast to 
of such: & -MacLeod and Malcomson (1989, 1993b), free 
` a fair, $: ëhtry of firms with identical jobs. If there are 
tmarket $- J; jobs at time t, the sunk cost of creating an 
ats and. $: : additional job vacancy at ¢ is continuous and 
ated to [nondecreasing in J,. We denote this cost by 
Mco £.<"G(J,). It consists of the sunk cost element of 


E- the. capital equipment required for the addi- 


~ - tonhal employee and any costs of reorganizing 
the production process, which may be increas- 
ing in J, because of diminishing returns, con- 
gestion costs, etc. This cost must be incurred 
before the matching process starts for period t 
80, at the time matching takes place, J, is fixed. 

~ Employed workers get utility W, — ve, from 

_ being paid W, and exerting effort e, in period 
_ 4, For simplicity, we assume workers either 
work (e, = 1) or shirk (e, = 0), with v > 0 
the disutility of work. The model is more gen- 
ral than this unidimensional interpretation 
suggests. Not shirking can correspond to the 
production of a vector of quantitative and 
qualitative dimensions of performance.at an 
acceptable level. The profit from a job em- 
_Ploying a worker in period t is pe, — W,, where 
P is the revenue product of labor. Each firm 
individually takes p as given but it may in ag- 
Sregate be a decreasing function of the total 
€mployment of nonshirking workers in all 
because of a downward-sloping demand 

curve for the product.* Workers without jobs 
Teceive utility u, > 0 per period. Thus to retain 
à worker who always shirks requires a positive 


E genet, 
te Sy could also be because of external decreasing re- 
Scale, in which case the welfare comparisons dis- 
. eas Sed later need minor amendments. 
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wage so, as seems plausible enough in prac- 
tice, firms never do that. 

At the beginning of period t, unemployed 
workers and firms with vacancies meet in a 
market to negotiate employment. Firms make 
offers that workers can either accept or reject. 
If an offer is rejected, worker and firm reenter 
the market with expected future utility U, and 
‘profits I],, respectively. The pay for period t 
consists of a base wage w, that the firm pays 
whatever the worker’s performance and a bo- 
nus b, that the firm agrees to pay as long as the 
worker does not shirk. Consistent with em- 
ployment at will, the firm is committed to the 
wage for the current period of employment 
only. However, for modelling purposes we as- 
sume that, at the time of hiring, worker and 
firm reach agreement (possibly implicit). on 
wages and bonuses for the life of the relation- 
ship. Below we discuss sufficient conditions 
that ensure the firm does not renege on these 
future payments. 

The wage w, can be paid either at the start 
of the period or, as long as the courts enforce 
it, at the end. (In principle, w, might be neg- 
ative, in which case it is equivalent to a per- 
formance bond that the worker pays the firm 
in period ¢, but this is never required for any 
of the equilibria we discuss below.) The bonus 
b, may be simply a periodic bonus or take the 
form of a piece rate, commission on sales, crop 
share, promotion to a higher-paying grade, or 
any other type of performance related pay 
based on performance that is not verifiable in 
court. It thus differs from the fixed wage w, in 
that it is paid only at the end of the period and 
so can be made conditional on the perfor- 
mance of the worker in period f, but can never 
be legally enforced because courts cannot ver- 
ify performance. | 

Once employment for the current period has 
been agreed, the worker chooses whether to 
work or to shirk. The firm observes the 
worker’s performance and then decides 
whether to pay the bonus b,. At the end of the 
period, the worker and the firm decide whether 
to stay matched for the next period. There is a 
positive probability that they will separate at 
this point because it becomes unprofitable to 
continue the job for purely exogenous reasons 
unrelated to pay. The timing is shown in Fig- 
ure 1. 
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i - . P x 4 sae 
Firms choose .Matching of Worker Firm decides Separation SUS. 
to create jobs jobs with © supplies whether to decisions ee: 
at cost c,(J,) | workers effort er pay bonus b; En 

Mee, ee ; FIGURE 1. TIMING OF DECISIONS IN-PERIOD.f erao : : 

Er 


If neither party reneges, the wage payment 
in period t is W, = w, + b,. Let p, denote the 
probability that a match at £ — 1 continues at 
t if neither party reneges. We assume that p, is 
independent of how long the match has lasted 
and, for the moment, that it is less than one 
only because some jobs become unprofitable 
for exogenous reasons. For any wage profile, 
the expected future utility of a worker em- 
ployed in period ¢ in a match starting at 7 if 
both parties abide by the agreement is 


(1) U, = W,-—v + Ol p41 r+: 


p5 (1 m Pi+1)U,+1], 
for all t = 7, 


where 6 € (0, 1) is the discount factor and 
U,,, the expected future utility of an em- 
ployee whose match terminates at the end of 
period t.° The firm’s expected future profit 
from employing the worker if both abide by 
the agreement is 


(2) Il, =p — W, + 60,4 11,41, 
for all t = 7. 


(If a job becomes unprofitable for exogenous 
reasons, the subsequent profit from that job is 
zero.) 

To be self-enforcing, an agreement must be 
at least as good for both worker and firm as 
they could get elsewhere in the market. The 
payoffs must thus satisfy the following indi- 


$ For notational simplicity, the dependence of utility on 
the wage profile is not made explicit. Throughout the pa- 


. per, all payoffs are functions of the agreed wage profile. 
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(3) IRW: U, = U, for all t = r, pE: 
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(4) IRF: I,=TL, 


that are consistent with equilibrium, includijy 
ones for which workers are not fired for shi 
ing. It is an insight of Dilip Abreu (1988) te 
the set of equilibrium payoffs in a repeatty: 
game of the present type can be completeyf:. 


concerns here are primarily with the set dg: 
equilibrium payoffs and the form of the wag¢*.. 


° Ve 
agreement, we characterize the set of stk: i 
enforcing agreements using the most sevet zs 
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punishments. MacLeod and Malcomst¢--, 


minate the relationship at any time, the m% Top 
severe penalties are given by the alternativë; 
currently available in the market. If the reas®p 
for a separation were known to the market SF: 
would be possible to establish a reputatiey. iS 
with other potential partners for not cheatilg: -. 
We assume here that prospective employes. : 
and employees do not know why the previ ` 
matches of potential partners came to an (#$ : 
so establishing an external reputation of WẸ: 
sort is impossible. This is necessarily the giy 
in an anonymous market in which it is hard by > 
keep track of participants, something that o a 
well be true of workers from poor areas- iiS 
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$ ne SA & cities in the developing world. But even 
{ fil Szare it is easier to keep track of participants, 
” $- guse of reputation depends on there being 
B. lable sources of information about why a 
“ganaration occurred—the word of mouth of 
F ‘es to the match is unlikely to be reliable 
“since, if reputation is valuable, neither has an 
: F oentive .to admit to cheating, Many employ- 
3 -as are unwilling to provide information about 
, "former employees. In his interviews with 
| “(mostly ) Connecticut firms, Bewley (1997, 
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om a va ~ that it was difficult to get information 


“from former employers. Reasons given in- 
=: ẹluded legal problems arising from saying 





























“4;  E “something negative. Only in markets where 
2 the reasons for seeking a new match are well 

=r — are reputation effects really effective. 
; oc Without external reputation effects, U, and 
s R F- -[f, represent the current spot market alterna- 
ny prom- | ‘tives no matter what the reason for separation. 
ent type, £ © Thus to deter shirking by the worker, the ex- 
‘behavior }. pected future utility of keeping to the agree- 
including f ment, U,, must be at least as great as the utility 
for shirk- § from shirking (with zero disutility of effort), 
988) that F collecting the wage w, but not the bonus b,, 
repeated | being fired, and receiving the discounted fu- 
ompletely # ture utility 6U,,, from looking for another 
vere pen { Match at £ + 1. That is, the wage profile must 
Since ow # generate payoffs that satisfy the following in- 
he set of} centive compatibility (no-shirking) condition 

the wage &. for the worker: 
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avoid being fired even with.no bonus. (p,, is. 
the probability that employment continues 
when the worker does not shirk.) The other is 
to have a bonus b, that compensates for the 
disutility of effort v. If the bonus is sufficiently 
large then it is not necessary for the worker to 
earn rents from continuing the relationship. 
Such payments are explicitly excluded in the 


shirking model of efficicacy wages, which is... . 


why it is argued that workers must be offered 
a wage premium to discourage shirking.° 
Since the bonus is not legally enforceable, 
to induce the firm to pay it the expected future 
profits from paying and having the match con- 
tinue, IT,, must be at least as great as from not 
paying (having already received the product p 
and being unable to escape paying the wage 
W,) and having the worker quit (which results 
in expected future profit of dp, + Ii, 1). Firm 
profits must therefore satisfy the incentive 
constraint 


(7) I, = p — w, + ôp+1Il 41, 
for all t = 7. 


Substitution from (2) for the left-hand side al- 
lows this condition to be written 


(8) ICF: £{future gains to firm|r} 


= p+ 111+ 1 ag M) = 
for all t = r7. 


The intuition, as in Bull (1987), is simply that 
the firm will not pay a bonus b, unless the ex- 
pected future gains from the employment ex- 
ceed that bonus. 

A worker’s threat to quit should the firm not 
pay a deserved bonus may seem incredible if 
there is a gain from continued employment. The 
same applies to a firm’s threat to fire a shirking 
worker. However, MacLeod and Malcomson 
(1989) show that such threats can form part of 
a set of self-enforcing social norms. As dis- 
cussed in more detail below, what is required is 
for both the worker and the firm to believe that 


é See Lorne Carmichael (1990) for an extensive dis- 
cussion of these issues. 
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the other would continue to renege if they were 


to continue the relationship. In more common 
language, once a worker shirks or the firm re- 
fuses a deserved bonus, the relationship sours 
and both sides believe that it cannot continue, as 
in the case of the traders at First Boston dis- 
cussed in the introduction. 

The expected future gains to the relationship 
as a whole are given by the sum of the left- 
hand sides of ICW and ICF. When summing 
the right-hand sides, the bonus term cancels to 
yield the necessary condition for a contract to 
be self-enforcing that 


(9) IC: E{ future gains to relationship|t} 
saa pril Uri + M+: 
~ (U,.,+ Tha) ]= v, 


for all t = 7. 


Both worker and firm are risk neutral and share 
the same discount rate, so the expected future 
gains to the relationship are independent of the 
wage profile—the wage terms cancel when 
(1) and (2) are added.’ The necessary condi- 
tions IRW and IRF depend only on total earn- 
ings, not on how these earnings are divided 
between wages and bonuses. Thus, the indi- 
vidual rationality conditions, IRW and IRF, 
and the global incentive constraint, IC, are all 
independent of this division. These three con- 
ditions are necessary for the existence of 
a self-enforcing agreement. MacLeod and 
Malcomson (1989) show that they are also 
sufficient. When they are satisfied, it is always 
possible to find a sequence of wage and bonus 
payments such that the worker and firm incen- 
tive constraints, ICW and ICF, are satisfied. 


7 We can see this by defining the rent R, = U, + TI, — 
(U, + Tl, and substituting from (1) and (2) to give 


R, = p— vt 6( 0,4 R41 
+ Ore + pice) = (U, + ñ,). 


Recursive substitution for future values of the rent results 
in the wage and bonus terms dropping out. 

è As written, (9) can be satisfied only if p,., > 0, so 
there cannot be a date t known with certainty to be the last 
(because, for example, the employee is to retire). Empir- 















in the spot labor market—IC for period ;uree 
cannot be satisfied if both U, = U, and pikez 
Il,. Moreover, this constraint for period tae eet 
pends only on the future returns to the mirig 
tionship, not on the current wage and boty 
payments. It is this fact that necessitates ag Se 
cial norm that may be interpreted as afii 
wage. To see this, consider the position inj 5 bs: 
riod ¢ of a relationship that started in peng 
T < t. Suppose, as in the shirking model of 
ficiency wages, the firm receives no rent, »# 
I, = IL. By IC, the provision of i incentives; pe 
period ¢ — 1 then requires U, = U, + U ea 
Thus along any wage profile, that provides tig og | 
incentive for the worker not to shirk, thge ‘wor 
worker receives utility at the beginning of p$ dik 
riod ¢ greater than the next-best market alts ` thet 
native U,. However, once period t — 1h% "feet 
passed, what is important for incentives dq me 
are any bonus payment for ¢ and the wages aij : 
bonus payments from period t + 1 onwank$ : 

not the wage w,, so the firm has an incentity: py 
to negotiate w, downwards. It could at the WẸ- 
ginning of period t offer a new wage w; <j Uwi 
that leaves the worker indifferent or slightig’ FE 
better off than at the market alternative withos§ `- Fil 
affecting the incentive to perform in period% 
If, however, the worker anticipates at t -1Ẹ- 
that the firm will be successful in reducing hg: . 
wage at ż to the market alternative, the ince :* 
tives for effort at t — 1 will be destroyed. - $. “22 

This problem is solved if the wage w, WẸ -ESF 

the status of a fair wage. Should the firm t$- z; 
tempt to offer at time t a wage w; less than mg a 













the worker responds by shirking in period (i Bab 
; i: k 

AR wi 

ically, however, it is a robust finding in experiments a Y Ei 
games of this type that players behave i in the earlier s a 
as if the game will continue forever even though it is ae 
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fact finite [see Alvin E. Roth (1995 Section M. ADH 
Moreover, Jacques Crémer (1986) and Michihiro Kai 
(1992a) show that, even in theory, incentive compatib® 
conditions of this type can be satisfied with finitely I? 
agents if successive generations overlap and acquire. 
formation about the play of the preceding E 3 
when younger employees in a firm observe the perto, : 
mance and reward of those about to retire). eat 
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centi Karis greater than the one-period return in the 
a self epee market, or by quitting otherwise. Note 
ibe both eat Stiti is in the worker’s interest to respond in 
Cen the: È ES ae if she believes that a firm that suc- 
cht ear’ Be ‘in reducing the wage in this period will 
id tay ie do so in future periods. Responses of this 
dai are in line with the view of 95 percent of 
od t de? managers interviewed by Blinder and Choi 
ne rela f= 7(1090) that an unfair wage policy: would-result 
1 bonus $ à Teduced work effort. Provided the agreed 
esasy | {wage profile yields the firm profits equal to or 
S a fair f:l; larger than the market alternative, the firm is 
m in pë: (cei hurt if the worker responds to a wage cut in 
1 period #°:4this way.” Observe that the relationship is re- 
| el of ef Fee procal i in the sense that the firm offers a high 
ent, so` f- awage in return for more effort. Reciprocity of 
4atives in is:type is consistent with the experimental 

+ vêp; idence of Ernst Fehr et al. (1997). 
ides the Conversely, consider the case in which the 
irk, the {worker receives no rent, so U, = U,. By con- 
1g of pè f+ cdition IC, the provision of incentives at t — 1 
cet alter- 2- then requires that IT, = I, + v/6p, and the firm 
— 1 has $ Teceives profits at ¢ greater than the next-best 
ives att fi: market alternative IJ,. But once the firm has 


paid any bonus for period t — 1, what is im- 
portant for incentives are the wages and bonus 
neentive f=. payments for £ + 1 on, not the wage w,. Thus 

* the worker has an incentive to renegotiate the 


it the be- F 
w! < w f= g Wage upwards to capture some of the firm’s 


ages and 
ynwards, 


` slightly f."s.fent and if the firm anticipates at t — 1 that this 
e without fs:;.Will be successful, the incentive to pay the bo- 
| period t. Ẹ~7 - hüs att — 1 will be destroyed. What is required 
att- 1 By on this case is a social norm ensuring that the 
ucing the fi: Worker cannot bid up the wage in this way. 
-ĝe incer These arguments apply as much to the be- 




















yed. ginning of the relationship. as during it. If in 
ze w, has $ pèriod T workers in the market believe that a 
> firm at: # ‘Starting wage is w,, even if the resulting 
s than Wi Í sd is greater than the market alternative 
riod tif r>.U,), firms will offer w, because they 
3 K lieve that a lower offer would result in shirk- 
ing workers. Both Kaufman (1984 p. 109) and 
pest B wey. (1995 p. 252) are explicit that em- 
iments with - = 
arlier stages 
ough it Is i 
n M.A. 1)}- There are subtle issues to ensure that the threats that 
airo Kandoń ; ‘Gescribe are in fact credible. These issues are discussed 
ompatibility B55 ae detail in MacLeod and Malcomson (1989), where 
finitely liv f.show that the threats described here are credible in the 


; sense Kans part of a subgame-perfect equilibrium in a 

-enned employment game. See also the survey by 
S s. Pearce (1992) for a review of the issues involved 
ing cooperation. 
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ployers resist lowering pay for new recruits 


- because it would result in their becoming re- 


sentful or disgruntled, thus affecting their 
morale. In this way, paying an above market- 
clearing wage can be seen as creating the ex- 
pectation that the worker will reciprocate with 
high effort. Equally, an offer from an unem- 
ployed worker to work for less will be re- 
garded with the suspicion that the worker 
intends to treat the employment as a way to 
make a short-term gain by shirking. What is 
regarded as fair is a convention that coordi- 
nates behavior because it results in adverse 
consequences for those seen to break it, in ex- 
actly the same way as the beliefs discussed 
above. In all sorts of contexts, people who be- 
have unconventionally (by, for example, of- 
fering ‘‘too good a deal’) are regarded with 
the suspicion that ‘‘there must be a catch.” 

These results: provide a link between the 
problem of worker motivation and the concept 
of fairness that authors such as George A. 
Akerlof (1982) have argued are important in 
the operation of labor markets. The theory 
adds to the Akerlof model by introducing a set 
of constraints describing the set of feasible 
contracts. These constraints form the starting 
point for the discussion of market equilibrium 
in self-enforcing agreements in the next 
section. 


If. Market Equilibrium 


Given the spot market returns, the con- 
straints (3), (4), and (9) completely charac- 
terize the set of wage profiles that can be 
supported by some self-enforcing agreement. 
In this section we characterize market equilib- 
ria when firms compete with each other by of- 
fering self-enforcing agreements. Though the 
notion of a fair wage is not explicitly dis- 
‘cussed, the equilibrium agreements that satisfy 
the incentive constraints are.in each case en- 
forced by an underlying set of self-enforcing 
norms. 

Consider first equilibrium in a stationary en- 
vironment with a fixed number of jobs J each 
period and p, = a, so there is a constant rate 
(1 — p,) of exogenous separations that occur 
because it becomes unprofitable for firms to 
continue some jobs for reasons other than pay. 
The cost of creating an additional job is a 


i 
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constant ¢ indépendent of the number of ex- 
isting jobs and the revenue product of labor 
p(E) 1s strictly decreasing in employment E. 
To retain stationarity, new jobs are created at 
a rate equal to the rate of exit, (1 — œ) per 
period. In the absence of reputation effects 


from previous matches, in equilibrium un- . 


matched workers and firms reach agreement 
immediately and thus E = min{L, J}. 

In a stationary equilibrium with firms offer- 
ing the same self-enforcing agreement each 
period, total pay is W = w + b. For any W that 
is self-enforcing given the market alternatives 
U and II, there is always a division of pay into 
a base wage and bonus that satisfies the incen- 
tive constraints (6) and (8). Hence it is suf- 
ficient to describe an equilibrium state of the 
economy by (W, J), the total pay for each job, 
and the number of jobs. Let U(W, J) and 
U(W, J) denote the expected future utility in 
equilibrium of an employed worker and of a 
worker entering the labor market, respectively, 
and II(W, J) and II(W, J) the equilibrium ex- 
pected future profits from a filled job and from 
a vacant job, respectively. For a stationary 
equilibrium, it follows from (1) and (2) that 
worker utility and firm profits from employ- 
ment under the present assumptions are 


(10) U(W, J) 
= W-—v+é[aU(W, J) 
+(1-a)U(W, J)], 


(11) IW, J) =[p(E) - W]/(1 — ôa). 
Recall that II(W, J) is the ex post profit from 
a job after the cost of creating it has been in- 
curred. With separations occurring because 
jobs become unprofitable with probability 1 — 
a, the effective discount factor for firms is éa. 
If all workers are employed (E = L), a 
worker whose job comes to an end can find 
another straightaway, so U (W, J) =U(W, J). 
Similarly, if all jobs are filled (E = J), a va- 
cant job can always be filled straightaway, so 
IW, J) = IKW, J). It follows directly that 
there can be no equilibrium at which the num- 
ber of jobs J is equal to the number of workers 
L because that would require U(W, J) = 
U(W, J) and II(W, J) = TI(W, J). The rent 


So it is not possible to satisfy the ince as 
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compatibility constraint (9) and no jae & | 
enforcing agreement exists. As in Shaping 
Stiglitz (1984), the rent needed for a sa 
self-enforcing social norms is generated bys i 
imbalance between demand and supply i ing 
„labor market..However, as MacLeod a 
Malcomson (1989) observe, this rent can 
generated by unfilled vacancies just as wel; 
by an excess supply of workers. We therefy’® 
consider the two possibilities J < L and Jy 
L. When J < L we show that an efficient 
librium involves the use of efficiency wagi 5 
workers are paid an above market-cleay 
wage and fired if they shirk. Conversely, whe! f: 
J > L, efficient equilibria involve the use g€: 
bonus payments to workers who do not shif T 

f. a et it 
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Consider first the possibility of equilibriw§ e% 
with the number of jobs J less than the numba§ .../ 
of workers L. In this case, E = J and vaca; ete 
jobs can always be filled straightaway, so thi. 
have the same expected future profits as fil © Sis 
jobs. Thus ; ee 













(12) hw, J) =, ) “op ba 


=[pJ)-W]/(1- i 2 


where the second equality follows from ai e 
To replace jobs that become unprofitable (1! 123 a i 
œ)J vacancies are created each period. TWE BS 
the probability of an unemployed worker find: 
ing a job in any period is (J) = (1 - alli | 
(L — aJ). For given (W, J), the equilibiúg a A 
utilities of employed and unemployed worki: ar 
are then given by the unique solution to G le 
and 


(13) U(W, J) 
= n(J)U(W, J) 
+ [1 —x(J)][u + 60(W, Dig 4 


where u is the utility during one period of ar 
employment. The utility of both ino E = 
unemployed workers is increasing in W i cit 
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rat TW, J) equals the cost c of creating an 
ply in the (uagitional job. The equilibrium entry condi- 
Leod and Égon is thus 

it Can by Bete T 
as wella F q4) [p(J) - W J/(1 - 6a) = c. 
> therefor f; #2. 
L and J > Second, neither firms nor workers must be able 
cient equi. f `to gain by cheating on their agreement. Since 
CY wages F. firms can always fill vacancies, they would al- 
t-Clearing F- ways cheat on a bonus. [ Formally, with I1(W, 


sely, when fy) = Ti(W, J), (8) requires that b = 0 but 
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a job is zero and, as the number of jobs ap- 
proaches the number of workers, x(J) ap- 
proaches 1. This line is also everywhere 
upward sloping and strictly convex.] Thus the 
set of efficiency wage equilibria corresponds 
to the heavy part of the zero profits line to the 
left of point A in Figure 2. 

Shapiro and Stiglitz (1984) identify the ef- 
ficiency wage equilibrium corresponding to 


` point A.CWith their assumption that c = 0, the 


zero profits line can be identified with aggre- 
gate labor demand.) However, sustaining even 
this efficiency wage equilibrium requires a 
market convention like that found by Blinder 
and Choi (1990) that prevents firms cutting 
wages simply because there is excess supply 


of labor. When one analyzes such conventions 
formally in terms of self-enforcing social 
norms in the way done here, point A is not the 
only efficiency wage equiliprium. Each point 
in the set of efficiency wage equilibria corre- 
sponds to a different fair wage convention. For 


> the use of}. nothing is lost by setting the bonus to zero.] 
K not shirk f. Thus bonus payments cannot be part of an 
. a equilibrium and the only pay is the base wage 
ria t; w. With b = 0, the worker’s incentive 
i- compatibility constraint (6) reduces to the.. 
| quilibrium j constraint 


he number j B example, point E in Figure 2 corresponds to 
and vacant (15) U(W, J) — U(W, J) = v/éa. all firms offering the wage wz. Should a firm 
ay, so they f attempt to enter with a lower wage, workers 


would interpret it as behaving unfairly and 
shirk if employed at that wage. 

Equilibria with more jobs have higher em- 
ployment and so exploit more gains from 
trade. Following Hayek (1982), suppose that 
competition, experimentation, and evolution 
result in the market discovering and adopting 


ts as filled} Since v > 0, this constraint implies that em- 

+ ployed workers have strictly higher expected 

_ future utility than unemployed workers, so the 

base wage w must be above the market- 

| + clearing level. That is, it is an efficiency wage. 
~ 1— 6a), į Substitution of the solutions for U(W, J) and 
f U(W, J) derived from (10) and (13) and 


‘rom (11). § Some tedious algebra (details available on re- a set of conventions yielding an outcome that 

_ itable(1- Quest) allows (15) to be rewritten as the no- is efficient in the sense that all potential gains 
priod. Thus} shirking constraint for workers from trade are exploited.'° At the moment 
orker find- ` there is no generally accepted approach to 

(1 — a)l § (16) NSC: v modelling such a complex process and we do 

| -quilibrium f > e RMP a a not attempt it here. Rather we begin with the 


properties of an efficient equilibrium and ask 
which set of conventions supports such an 
equilibrium. 

For efficiency wage equilibria, efficiency 
corresponds to maximizing employment. Thus 
the efficient equilibrium is at point A in Figure 
2, the intersection of the no-shirking constraint 


on to (10) BS = A market equilibrium is a pair (W, J) that 

y, satisfies the entry and no-shirking constraints 

4 (14) and (16). These constraints are illus- 
| tated in Figure 2. The entry condition (14) 
a that an equilibrium must lie on the line 
hic P(J) — (1 — 6a)c labelled zero profits, 
hich is downward sloping because p(J) is 
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W, D] i (16) 3 ing in J. The no-shirking constraint 

eS 1)? implies that an equilibrium must lie 
riod of y ; ove the upward-sloping line labelled NSC '° Essentially z is a notion of ean pes 
ployed and &. “Wat starts fro ee . institutions we observe survive because they help the 
SAE RIE A mu + v/ôa for J 0 and is group survive against competitors. See Robert Boyd and 







` Symptotic to the line J = L. [If there are no 


Jobs: ea : Peter Richerson (1985) for further discussion and addi- 
E ii Probability n(J) of a worker finding 


tional references. 
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and the zero profits line, with employment J4. 
This is precisely the equilibrium identified by 
Shapiro and Stiglitz (1984)." 


How does such a market respond to shocks? 
Suppose there is an unanticipated but perma- 


nent shock that reduces p(J). This shifts the 


'! Since firms receive zero profits in every equilibrium 
in Figure 2 and purchasers of the product receive more 
surplus from higher output, the equilibrium at A will Pa- 
reto dominate if workers have higher utility. Workers who 
would be employed in an equilibrium with lower employ- 
ment may lose out because the wage is lower, although 
this is at least partially offset by a higher probability of 
reemployment when their current job ends. Whether work- 
ers on average (or behind the veil of ignorance) gain de- 
pends on the cost c and how steeply p(J) declines as J 
increases. 
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zero profit line downwards. Exactly asit 
Shapiro and Stiglitz (1984), the no-shirkint, 
constraint is independent of p(J) for given 7, 
so the shock shifts point A downwards alonj : 
the NSC curve. Thus the new efficient equi f 
rium has lower wages and employment ev 1; J) tc 
though labor supply is completely inelastic a chan 
But, if c > 0, the move to this equilibrium # “post. 
be delayed. Because the cost of creating the I: Cost 
jobs has already been incurred, firms will core’ y BA A 

tinue to fill them as long as p(J,) = W, though eh 9) 
they will not create replacement jobs as cung: i3 

jobs disappear. Indeed, for a shock that rf y M 
duces p(J,) by less than (1 — da)c, mp a ry. 
ment and wages need not adjust at all initia $- 
The number of jobs will decline as those © 
become unprofitable are not replaced until 
new efficient equilibrium number is reach 







if 

























rif that point wages must fall to induce firms 
Four ate replacement jobs. How wages evolve 
tke meantime depends on how market con- 


+4 
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onsider now the possibility of equilibria 


= L. In this case, workers without a job can 
ways get one straightaway and so have the 


x 


= (W—v)/(1 — ô), 


A 


~E 


e second equality following from use of the 
#2" first in (10). Employed workers then have the 
t: -sme expected utility as unemployed workers, 
- =- 80:efficiency wages are not paid. Exogenous 
'  furnover generates (1 — a)Z workers seeking 
new jobs each period. Thus the probability of 
a vacancy being filled in any period is y(J) = 
(1 ~ a)L/(J — aL). For given (W, J), the 
equilibrium ex post profits from filled and 
ftom vacant jobs are given by the unique so- 
lution to (11) with E = L and 


(18) TW, J) = WNW, J) 


fa 
st “4 
a we 





ii a O “Which gives the expected future profits from a 
iven J È vacancy given the probability y(J) of filling it 
A alon À o rs each period and the discount factor for firms 
es pa : ; ch As with efficiency wage equilibria, for (W, 
ee CaS to be an equilibrium firms must not want to 

¢ ` Change the number of jobs. Thus the expected 
` Post-entry profit per worker must equal the 


ig the Ah ¥ Cost of creating a new job: 


will ne A mat 

„thou (19) 7 

s current X “i MW, J) = Ca 
tree. . ‘ 

hes loy- É apa neither firms nor workers must gain 

ini ally. k cheating on their agreement. Since workers 


a always get another job, they will shirk un- 
A oe is a bonus of amount v to compensate 
ee e disutility of effort, so any equilibrium 

“© type must have performance pay. [For- 





ith more jobs than workers (J > L)-so that- . 
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mally, with U(W, J) = U(W, J), (6) requires 
b = v but nothing is lost by setting b = v.] 
Substitution of this into the firm’s incentive 
compatibility condition ICF (8) gives the no- 
cheating constraint for firms 


(20) NCC: IKW, J) — TW, J) = v/êa. 


. Constraints (19) and (20), along with the 
corresponding efficiency wage constraints for - 
comparison, are illustrated in Figure 3. (De- 
tails of derivations are available on request.) 
The left half of the figure reproduces the 
curves from Figure 2. For c > 0, the zero profit 
line continues to fall as the number of jobs is 
increased beyond the number of workers L due 
to an increase in vacancies and thus a reduc- 
tion in the probability of finding a worker for 
the job. (For c = 0, it is horizontal to the right 
of J = L). The no-cheating constraint (20) 
implies that an equilibrium must lie below the 
upward-sloping line labelled NCC. This line 
slopes upward because, with more jobs, it 
takes longer for a firm to fill a vacancy, thus 
reducing the profits required to prevent reneg- 
ing on the bonus b = v and increasing what 
can be paid to workers. It cannot cross the line 
J = L because with J = L a firm could always 
replace a worker immediately and would 
therefore never pay a bonus. The set of per- 
formance pay equilibria corresponds to the 
heavy part of the zero profits line (to the right 
of point B and with W = u + v, the lowest 
wage for which workers will work). In any 
such equilibrium, firms with jobs that have al- 
ready been created receive higher profit than 
they require to continue those jobs. To sustain 
this requires a convention preventing workers 
bidding up wages even though there are un- 
filled vacancies that is exactly symmetric to 
the convention that prevents firms bidding 
down wages inefficiency wage equilibria even 
though there are unemployed workers. 
Performance pay equilibria exist if and only 
if p(L) — (1 — da)e = u + v/ôa, efficiency 
wage equilibria as long as p(0) — (1 — 
6a)c = u +v/da. Since p(L) < p(0) because 
of downward-sloping demand for the product, 
for some parameter values the latter may exist 
but not the former. The rent per match is de- 
creasing as employment increases, and given 
that employment under a performance pay 
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FIGURE 3. MARKET EQUILIBRIA WITH PERFORMANCE PAY AND EFFICIENCY WAGES 


equilibrium is higher, it is more difficult to sat- 
isfy the incentive constraints at a performance 
pay equilibrium. 

As in the efficiency wage case, individual 
incentives are not by themselves generally suf- 
ficient to determine a unique equilibrium. All 
performance pay equilibria have the same em- 
ployment L and the same output. Due to the 
cost of replacing jobs that become unprofitable 
for reasons other than pay, an efficient equi- 
librium minimizes the number of unfilled va- 
cancies. Thus the unique efficient performance 
pay equilibrium is that denoted by B in Figure 
3 with Jz jobs. It Pareto dominates other per- 
formance pay equilibria since output and em- 
ployment are the same, wages are higher, and 
firms receive zero profits in all such equilibria. 

Productivity shocks affect the efficient per- 
formance pay equilibrium in a particularly 
simple way. It can be shown that.a reduction 
in p(L) reduces both the NCC and the zero 
profits lines by the same amount for given J. 
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In consequence an unanticipated but permit: mom! 

nent fall in p(L) leaves the efficient numba efficic 
of jobs unchanged but requires a fall in tote. EAL, 
pay. Thus pay responds to such a shock bi: (This) 
employment and vacancies remain unchangelé’ 4 n 


unless the shock is sufficiently adverse thalig; = 
performance pay equilibrium no longer exist: 
If it is sufficiently adverse, there must be#g’-to 
transition to an efficiency wage equilibriu i. work 
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a Wanit it is costless to create a job (c = 0) as 
= Ree n Shapiro and Stiglitz (1984), the perfor- 
a -mance pay equilibrium is certainly more ef- 
Be -Acient, whenever the value of employment 
By “phy: — vis greater than the gain from un- 
k ployment u, the same condition (mar- 
5 v pinal product greater than disutility of work) 
i fer, it to be efficient to employ all workers 


aes 
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US zon effort. If either the cost of creating a job 
ar “sufficiently high or the marginal product 
aa ) falls sufficiently over the range J, to L, 

ak efficiency wage equilibrium is more 







"One result from the analysis is that, while 
efficiency wage equilibria have unemploy- 
fall in tol g ae performance pay equilibria do not. 
a shock but ge This 
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Unfortunately standard data sets such as the 
Panel Study of Income Dynamics (PSID) and 
the National Longitudinal Survey of Youth 
(NLSY) do not distinguish between discre- 
tionary payments and contractually set incen- 
tive pay.'? One data set that does is the 1990 
British Workplace Industrial Relations Sur- 
vey. -Though it.does not report the size of dis- 
cretionary merit pay, it does explicitly ask if a 
worker received merit pay, as opposed to per- 
formance pay with ‘‘a mechanical relationship 
between the worker’s pay and some relatively 
objective measure of output’ [Neil Millward 
et al. (1992 p. 258)]. The above analysis sug- 
gests that, in data grouping workers in differ- 
ent labor markets, the incidence of merit pay 
should be higher for groups with a lower un- 
employment rate.. In Figure 4 we plot the in- 
cidence of merit pay by broad occupation 
against the occupational unemployment rate 
taken from the 1990 British Labour Force Sur- 
vey (with the line representing the OLS fit that 
has slope —2.81 and t-ratio —15.95).!> The re- 
lationship is negative, as predicted. Note that 
the incidence of merit pay varied from 10 per- ` 
cent to 35 percent. Of course this is not a test 
of the theory. That would require better data 
and a carefully specified econometric model. 
It does, however, illustrate that merit pay is a 
phenomena that is empirically relevant, as 
well as one about which theory can make 
predictions. 

The property that equilibria in the model 
have all rent going to the long side of the mar- 
ket (to workers if there is unemployment, to 
firms if there are. unfilled vacancies) applies to 
new matches even if they are not required to 
offer the same agreements as current matches 
and also to nonstationary environments. The 
essential intuition is that a firm or an employee 


2 For some years these data sets have questions that 
distinguish between piece rates, commissions, and bonus 
pay. MacLeod and Daniel Parent (1997) suppose that the 
incidence of bonus pay is a noisy measure of the extent 
of subjective performance pay and also find a negative 
relationship between unemployment and the incidence of 
bonus pay. 

"3 The broad occupational groups are professional and 
managerial; clerical, administrative, and secretarial; su- 
pervisors; skilled manual; semiskilled manual; and un- 
skilled manual. 
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FIGURE 4. PERCENTAGE OF WORKERS RECEIVING MERIT PAY VERSUS 
UNEMPLOYMENT RATE BY OCCUPATIONAL GROUP 


receiving no rent from a current match cannot 
receive a rent from a new match without mak- 
ing it profitable to renege on its current agree- 
ment. The details are in the Appendix. With 
nonstationary equilibria, however, the same 
distribution of rent at the start of a match can 
be achieved with different time paths of pay- 
ment and thus with different firms having dif- 
ferent forms of contract with their workers. 
Thus different forms may coexist, as found by 
Brown (1992) for production workers in very 
narrowly defined industries, though even for 
narrowly defined industries it 1s hard to be sure 
that this is not the result of unobserved hetero- 
geneity among employees. MacLeod and 
Malcomson (1993a) have further discussion 
of nonstationary equilibria. 

In practice there may, of course, be match- 
ing frictions that mean even those on the short 
side of the market cannot guarantee to find an- 


other match straightaway. As long as there is- 


some exogenous turnover, there will then nec- 
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essarily be both unemployed workers. ani 
filled vacancies. $ s 


This section illustrates in a simple tt 
sector economy how the relative capital its 
sity of jobs has implications both for the ke 
of wages and for the relationship betwe 
wages and turnover. A number of studies, 
cluding Alan B. Krueger and Lawrenc: 
Summers (1988), John M. Abowd et 
(1993), and David Card and Krueger ag 
suggest that there are variations in wä 
across markets and industries that in nati A 
explained by standard competitive mode Mi ee 
Dickens and Katz (1987) find that high wa ee 
are associated with more profitable capil fy ae eat 
intensive industries. A simple rent-shatine g t T s 
gument would suggest that all workers ins ge 
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Se ‘earn higher wages. However, work by 
v Eesti yé Davis and John Haltiwanger (1991) 
mh er eae that production workers, rather than non- 
| P8845 tion workers, account for much of the 


oh ee 


-ts'- dustry wage variation. Using matched 
eevyer-firm data, Troske (1994) finds that 
Erte of this initerindustry wage variation for 
-duction workers-can be explained by the 
: capital intensity of the job.'* ~ | 
“save capture the distinction between rela- 
vely capital-intensive and relatively labor- 


E intensive jobs in its starkest form with the 


















[@sfollowing assumptions. Capital-intensive 
Fe Jobs: are characterized by a limited number 
“a fzof positions in period ¢ that can be in- 


E@result of diminishing returns, congestion 
}¥ costs; etc., that the number of production 


:B) Jobs is bounded and less than the number of 
Iie. :available workers. Each capital-intensive 
‘A Job has productivity (net of nonlabor costs) 
y Of p* independent of the number of jobs 
f filled. In contrast, there is no sunk cost to 
<. eating additional labor-intensive jobs so, 
s, êven in the short run, there is a potentially 
unlimited number of such jobs. Assuming an 
f unlimited number simplifies the analysis 
$ without affecting its qualitative features— 
ers and urg: the!-essential characteristic is that workers 
$ afe: on the short side of the market in this 
Sector. Each labor-intensive job has produc- 
Economy - f. tivity (net of nonlabor costs) of pf < p*. To 
ages {; assume both sectors face exactly the same 
| f; Problem of worker motivation. 
imple tweẸ; ::-'Workers are freely mobile between the two 
apital inter types of jobs, so the probability pi that a job 
‘or the leva ý: ‘OF e i continues in period t must now reflect 


i Er HAt ; r 
ip betweetg ig exogenous separations but also quits 
studies, i § 3 the other type of job. Free mobility implies 
awrence that 


i workers seeking jobs have the same utility 
owd et alg” E 
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high wage ge fox observations, S 
Å ee Ol ations. See Martin L. Weitzman (1989), 
i Lang (1991), and James D. Montgomery (1991) 
P altemative explanations based on recruitment strate- 
under incomplete information. 
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no matter what type of job they seek, so Ọ* = 
OF. | : 

Under these conditions, an efficient equilib- 
rium has all workers in the labor-intensive sec- 
tor employed in every period. Thus these 
workers can always find a labor-intensive job, 
implying Uf = US. Together with free mobil- 
ity, this implies 


(22) 


The incentive condition IC (9) then implies 
that labor-intensive jobs with a worker must. 
yield a rent to firms in period t.'° With an un- 
limited number of such jobs, the expected prof- 
its from jobs without a worker are zero (IIf = 
0). Together these imply II? = v/ôp£. If per- 
formance was contractible, workers would re- 
ceive all this rent in pay and hence equilibrium 
pay would be W* = p*. Use of these in the 
expression for profits (2) in Section I implies 
that equilibrium pay in labor-intensive jobs is 


(23) Wy = W* —o[(1 — dp;)/dp7]. 


Thus, as compared with the situation with con- 
tractible performance, workers give up a re- 
ward of v[(1 — 6p7)/d6p;] each period that 
ensures the firm has an incentive to pay the 
end-of-period bonus should the worker per- 
form well. 

Because capital-intensive jobs have higher 
productivity than labor-intensive jobs, it is ef- 
ficient to have all these jobs filled every pe- 
riod. In equilibrium, capital-intensive jobs can 
thus fill vacancies immediately and so, in 
contrast to labor-intensive jobs, firms do not 
face a loss in profits when a worker leaves. 
Therefore Ili = II*.'° In this case, to ensure 
that the incentive constraint IC (9) is satisfied, 


'S When turnover occurs because workers quit, not 
just because jobs become unprofitable, equations (2) 
and (7) in Section I need some amendments when 
IH, +: # 0, but these amendments cancel out in deriving 
(8) and (9). 

'6 In practice there are always some costs to filling a 
vacancy, such as training. In this section we are concerned 
with search costs arising from the time it takes to find a 
suitable replacement. 


Ue = UF = Ue. Mahe oar 
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employed workers must earn a rent v/dp; from 
employment and hence 


(24) U* = Uk + v/ôp*, 
= Uf + v/ôpt. 


Here-the second line follows from (22). 
_ Expressions (23) for pay in labor-intensive 
jobs and (24) for utilities in the two sectors 
can be used in the equation for worker utility 
(1) from Section I, together with (22), to 
show that pay in capital-intensive jobs is 


1 — pt 
(25) wiswi), 
bp; 


1 — 6p! 
(206) aweta (42% 
Op: 


_(lese: 
bp; ) 


Equation (25) relates the size of the wage dif- 
ferential to the rate of turnover in capital- 
intensive jobs (1 — př), the disutility of effort 
v, and the discount factor 6. As the rate of turn- 
over decreases, so does the wage differential 
(o(wik- W !)/dp! < 0). The wage differential 
does not depend on the turnover rate for labor- 
intensive jobs. For labor-intensive jobs, in con- 
trast, it follows from (23) that wages increase as 
turnover falls (OW £/0p* > 0). Thus the rela- 
tionship between turnover and wages is different 
for different types of job. In sectors of the econ- 
omy where bonus payments are observed, the 
theory predicts a negative relationship between 
turnover and wages and conversely when work- 
ers are paid a fixed wage. 

The essential characteristics of capital- 
intensive jobs in the model are that: (1) they 
have higher productivity, and (it) there is a 
sunk cost to creating vacancies that cannot be 
recouped if the vacancy is not filled. This fits 
better with the descriptions of Ford’s $5-day 
example in Daniel M. G. Raff and Summers 
(1987) and Raff (1988) than does the shirking 
story in Jeremy I. Bulow and Summers 
(1986), in which efficiency wages are higher 
where monitoring is more difficult. Raff 
(1988) comments that the shift to assembly- 






























line wak that Ford had aope mug ba 
made at least some aspects of monitoring, a oF 
ier (for example, speed of work) and that. Pete 
was actually an increase in the ratio of ¢ ve 
visory to production employees in the # A is r: 
math of the introduction of the $5 day ig i 
Raff (1988 p. 395) notes that ‘‘the techn 
change that made monitoring easier _ 
volved extraordinarily highly dedicated yt Pay ifs 
ical capital and a production process that i i 
unprecedented numbers -of pieces pau wy ae 
worker in each unit of time.’’ Thus the cinket: 
Ford of having a workstation not effecta T Se A 
operated would have been high. It is precigi zs pi 
this cost of not having each position ile 7 
the time that makes it efficient in the prf 
model for the market to allocate the ren mM 
quired for a self-enforcing agreement tog a 3 
ployees—for jobs to have a rent requires t a a 
to remain unfilled for a time whenever an me 2 
ends. a ae 
The analysis applies to both the cast fee 
which workers can search for higher-payis Š 
capital-intensive jobs while employedis 
labor-intensive jobs and the case in wht}. 
they must quit their labor-intensive job bef. 
they can search for a capital-intensive oe 
There are two main differences between thig  Bous 
cases: (1) the amount of unemployment, a iN a tan 
(ii) the labor turnover rate in labor-intens i: ig ef 
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jobs. When workers in labor-intensive j joe Bee: 
can search while employed, there is no we ‘ kik 
employment because, if unsuccessful in gal kiio 
ting a capital-intensive job in one period, W% sséto 
can always continue in their labor-intensi"g et 
job without prejudicing their chance of i -Pot 
ting a capital-intensive job in the next. ae K 
they cannot search on the job, those who #% ‘Was; 
unsuccessful in getting a capital-intensivelts 7 i; 
remain unemployed for that period. In 
case, the model generates unemployment 
the capital-intensive sector, just as in nee t 
ban sector of the model of John R. Harris $g- Foer 
Michael P. Todaro (1970), despite wages tt ; 
ing determined endogenously rather thg 
specified exogenously. Moreover, unlike 
the reformulation of that model due to 8 
Ove Moene (1988), the wage differen 
does not depend on differences between =s 
two sectors in the ability to monitor pel 


mance, only on differences. in capi 
intensity. SEES 
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f weet jobs and the impact that the resulting 
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The time path of workers in the labor- 
intensive sector, L‘ = {L‘}°_, determines 
the rate of turnover fom (27) and hence the 
wage rate each period from expression (23). 
Because moving to the capital-intensive sector 
requires joining the pool of unemployed with 
the same expected utility in equilibrium as 
staying-in the labor-intensive sector, the equi- 
librium utility in the labor-intensive sector as 
a function of the time path of workers tn that 
sector is 


(28) UELS 


= UÈ.) = E (Wf - v); 





jet 
= = @ vLi jai 
9 =X (> n z) l 


the first equality following from (22), the last 
from (23). 

In the capital-intensive sector, there are L 
= L — Lf workers at the beginning of period 
t and a*J,_, jobs remaining filled from the 
previous period. Thus the probability 7, that 
an unemployed worker gets a job in period t 
is given by the number of vacancies (J, — 
a*J,_,) divided by the number of unemployed 
job seekers (Ly — a*J,.,). Hence, 


k 
J,-—@ desi 


30 a r 
; ) (L- Li) - a*J,-ı 


= 


The default utility for workers entering the 
queue for capital-intensive jobs is then 


(31) Oth’) = UHL + (1 — 2, 
x [u* + Ua LI 


where u“ is the utility received from one pe- 
riod of unemployment in this sector. Together 
(24), (29), (30), and (31) determine the 
expected lifetime utility of employed and un- 
employed workers as functions of the num- 
bers of workers in the labor-intensive sector, 
and jobs in the capital-intensive sector, in 
each period. The time path for workers in the 


wer 


labor-intensive sector as a function of the - 


_ number of capital-intensive jobs can then be 
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solved using the equilibrium condition that 
workers migrate until they are indifferent be- 
tween sectors 


(32) UL) = UL),  forallt. 


The effects of increasing the number of 


capital-intensive jobs are simulated for rapid, 


growth that takes the capital-intensive sector 
from 20 percent of the workforce to about 80 
percent over a period of slightly less than ten 
years. The productivity of capital-intensive 
jobs is assumed to be 50 percent higher than 
that of labor-intensive jobs, so the productive 
potential of the economy grows about 25 per- 
cent in the ten years. The parameter values 
used in the simulation are: v = 1, 6 = 0.91, 
ak =a’ = 0.9, p* = 4.5, p*® = 3, uk = 0.8 
Figure 5 depicts the effect of this growth on 
unemployment, output (GNP), wages, and in- 
equality of worker incomes as measured by the 
Gini coefficient. The dashed line represents 
the number of capital-intensive jobs at each 
date. In the short run the unemployment rate 
rises dramatically from about 7 percent to al- 
most 25 percent at its peak, while wages in 
capital-intensive jobs fall by about 20 percent. 
After rising slowly, GNP dips slightly and 
there is a marked increase in inequality. But 
then GNP starts to rise sharply and, in the long 
run, wages and the unemployment rate return 
to their pregrowth levels. The effect of growth 
is to slightly raise inequality in the long run. 
In the simulations, increased turnover in 
labor-intensive jobs as workers move to the 
capital-intensive sector lowers the value of a 
match to firms with labor-intensive jobs. Con- 
sequently, pay must fall to ensure sufficient 
rent to firms in that sector for the wage agree- 
ment to be self-enforcing. This reduces utility 
in labor-intensive jobs. In equilibrium, the ex- 
pected utility from search in the two markets 
must be equal, so growth also decreases utility 
in the capital-intensive sector in the short run. 
This is achieved by short-term reductions both 
in pay and in the probability of an unemployed 
worker getting a capital-intensive job. Note 
that we do not assume workers have to spend 


'8 The simulation was programmed in Matlab. The 
code used is available upon request. 
































some time unemployed after migrating adk 
capital-intensive sector before they caj 
capital-intensive job: Lucky migrants oe 
without being unemployed at all, 
creased unemployment is simply what į 
quired to keep the efficient equilibrium pa i 
conditions satisfied. gr 
Once growth in the number of cá eet 
intensive jobs begins to slow, migraton§ a 
and wages start to increase. Once Bri Š 
stops, the unemployment rate in the cans in # 
intensive sector and real pay in both se ae 
return to their original values. Growth ¢ i 
increase pay in either sector as long o haa: 
are workers in labor-intensive jobs to be digs: 
into the capital-intensive sector sinegeg Y s 
labor-intensive sector has constant retung 2 
scale. However, those migrants who sugg 
in getting capital-intensive jobs earn big 
wages than workers who remain in the libel 
intensive sector, so average wages in i 
and there is also an increase in inequality: ¥*" 
If growth in the number of capital-intensg ye 
jobs “continued indefinitely, there WORE asi 
eventually be no workers employed in & 
labor-intensive sector, that sector would tg a i 
appear, and wages in capital-intensive jà j, n i 
would start to rise. Wages could rise belg: <°; 
this if technological progress increased us 
ductivity in the labor-intensive sector be 
by (23), W £ increases by the same amom 
p “ and that feeds through to wages in capii B os 
intensive jobs. This is a source of real Wag’ -74 
growth we have ignored in the simulation’ Geer 
could ameliorate, and possibly outweigh, 3206 
absolute decline in real wages resulting ne f: ag 
increased migration. La 
As in Harris and Todaro (1970), miga 
and urban unemployment are the cong 
quences of growth in the limited numba! 
jobs in the high wage manufacturing (ce i 
intensive ) sector in urban areas. The impo™} Ye s 
difference is that here we have eet | 2 Pe 
reasons for the wage differential betwee" TYT 
ban and rural areas and this allows us to m4 
the consequences of urban growth for Wê. 
Such growth, as we have shown, can rest; 
a fall in real wages in both sectors and % 
least in its early stages, in a lowering of } sh 
standards for all workers except those whore 
grate and are successful in getting one UB 
increased number of urban jobs. In cof oe 
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litking models of efficiency wages sup- 
motivate workers by paying 


etweell “bee i aise, larket-clearing wages and threatening 
1S to OT © workers who shirk. Such models explain 


€t. the widespread use of performance- 
aA Be ; Pay based on subjective assessments of 
3 i Bence nor the social norms surrounding 
wig of VERE conCept of a fair wage. We have shown 
“theory of self-enforcing agreements 
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FIGURE 5. ECONOMIC CONSEQUENCES OF GROWTH 


The model developed here predicts that ef- 
ficiency wages are likely to be observed in in- 
dustries where the cost of having a job vacant 
is high relative to the cost of a worker remain- 
ing unemployed (or underemployed). We 
show that the existence of an efficiency wage 
equilibrium depends on a set of self-enforcing 
social norms that ensure firms do not cut 
wages purely to take advantage of an excess 
supply of workers, though wages still fall in 
response to an increase in excess supply. 
Where there is excess demand for workers, the 
model predicts that firms use some form of 
subjective performance pay to motivate em- 
ployees. In that case, the threat of a worker 
quitting ensures firms have an incentive to pay 
the promised bonuses. See MacLeod and 
Parent (1997) for some. empirical evidence 
consistent with these predictions. 
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Applied to a two-sector version of the 
model, these results imply that intersectoral 
wage differentials can arise from differences 
in the capital intensity of jobs. Moreover, a 
period of rapid growth in capital-intensive jobs 
may generate an initial fall in output, reduced 
wages, higher unemployment, and increased 
inequality—results that do not follow from 
standard textbook models. 

The model presented here is highly stylized. 
It does, however, illustrate that viewing the 
problem of worker motivation from the more 
general perspective of self-enforcing agree- 
ments in a competitive market generates im- 
plications that are different from other 
incentive models. There are many ways in 
which this approach can be developed. Gary 
Ramey and Joel Watson (1997), for example, 
have explored the consequences of incorpo- 
rating specific investments with sectoral 
shocks into a model with self-enforcing con- 
tracts.’” Further extensions would include in- 
corporating variations in worker ability and 
search costs that should result in new and in- 
teresting testable hypotheses. 


APPENDIX: NONSTATIONARY EQUILIBRIA 


This Appendix shows that the property 
that equilibria in the model have all the rent 
going to the long side of the market (to 
workers if there is unemployment, to firms 
if there are unfilled vacancies) applies to all 
equilibria, not just the stationary equilibria 
discussed in Section II. The absence of rep- 
utation effects from previous jobs ensures 
that all agents on the short side negotiating 
new matches in period t receive the same 
payoff—because they can always find an- 
other match, they will refuse any offer that 
gives a payoff lower than the best currently 
available. Thus, if there are more workers 
than jobs, firms can always fill vacant jobs, 
so their future profits if their match ends are 
just the future profits from forming a new 


_ one. Formally, if L > J,, then I, = I1,(W,), 


There is also a growing literature that studies self- 
enforcing agreements in the context of social exchange, 
for example, Crémer (1986), Kandori (1992b), Avner 
Greif (1994), and Rachel E. Kranton (1996). 






















where W, is the pay profile negotiate} Pukey 
matches started at t. Conversely, if thers 2 | z 34 

more jobs than workers, workers cay g 
ways find another job, so their future yj 
if their match ends is just the future y ip w 
they would get from forming a new aie yar. 
That i is, if L < ats then =U (W). es 


side agents being matched. ae 
To satisfy the incentive compatibility (Ke = te 
condition (9) requires a strictly positive pe seen, 
of at least v/6p, for matches formed befor p: 2854, 
(At t = 1, the first period the market opery ag 3 
there are no existing matches for which ings ids aes 


tive compatibility must be satisfied.) That hots 
turn, implies the same rent for new matk} 


In adding (1) and (2) for any 7, the pay tema sens 

cancel, which implies U,(W,) + TI R Yi Baii 
dependent not only of the wage profile but 4 che past 
of the date 7 at which the match was fo TE att at 
Moreover, since the absence of external me utent 
utation effects implies that the market ae} "nous tur. 
natives U, and II, at each £ are the same fortis: 

matches no matter when they were formed} 


follows that 
(Al) = -U,(W,) + TL.CW,) 
= U,(W,) + IL,(W,), e199: 
for all rá peated 


Together with the incentive compatibility $ 


dition (9), this implies . es GLE 
(A2) UW.) + TL(W,) — U, - Th = wee ey, 
for t 7s Ec 

ee ang Py 


which establishes that there is a rent of ul area 

to forming new matches at f > 1. ee 
Consider a market equilibrium with J, £! 
As already shown, this has I, = I1,(W,)-3# 
then (A2) implies U,(W,) = U, + vipi} 

t > 1. Thus workers necessarily receive hig i be £ 
utility from getting a job than from Oe Es 
employed even at the start of a match. “ 
apa a market equilibrium with J, > 47% 
= U,(W,) and use of this in (A2) % s ir Poi 












nae ae Bae ra that IL(W,) = Ïj, + v/ôp, for t > 1. Thus 
te eA K cessarily receive higher profits from 


y =f a a job than from leaving it vacant even 
ae ison of a match. To summarize, a market 
liy Be H “iprjum with more jobs than workers has 
ont He T work ers employed and firms receiving a 
neg $i of at least v/6p, from filling a vacant job 
eg E <2 f > 1. In contrast, a market equilibrium 


Be gid: workers receiving a rent of at least v/ôp, 
J-E fom becoming employed at any t > 1. 

S<s4rpis argument applies only to matches 
formed in periods > 1, that is, to periods after 


sta decisions to shirk and cheat rg aah 
only on future payoffs and so are unaffected 
pal by payoffs in period 1. [This is just the point 
ems j= made in Carmichael (1985) about bonding. ] 
-) in But in any ongoing market, £ = 1 is a date in 
talog ihò past and, as time goes by, matches formed 
=e “at that date become increasingly irrelevant to 
l re>} curent market conditions because of exoge- 
alte} ous turnover. 
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‘The Economics of Child Labor 


By KAUSHIK BASU AND PHAM HOANG VAN* 





If child labor as a mass phenomenon occurs not because of parental selfishness ` p a 
> e 


but because of the parents’ concern for the household’s survival, the popular -p 
argument for banning child labor loses mitch of its force: However, this assump- 23% 







tion about parental decision-making coupled with the assumption of substitut- , 7 


ability in production between child and adult labor could result in multiple: 
equilibria. in the labor market, with one equilibrium where children work and ... 
another where adult wage is high and children do not work. The paper establishes .. 
this result and discusses its policy implications. (JEL J20, K31, D60) 


According to the International Labour Or- 
ganization (ILO), in 1990 there were almost 
79 million children around the world who did 
regular work (see Kebebew Ashagrie, 1993 p. 
16). This estimate of child labor would vary 
depending on how we define work, how we 
define a child, and how we collect the data, but 
no matter which estimate we take, the ines- 
capable fact remains that this is a problem of 
gigantic proportions. Moreover, the magnitude 
of the tragedy is not captured by numbers 
alone, since the conditions of child labor can 
vary. There are children who work in hazard- 
ous industries, risking accident and injury; 
there are others working in conditions that take 
a slower but definite toll on the children’s 
health. 

As people become informed about child 
labor, the natural reaction is to seek ways to ban- 
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ish child labor. The easiest way to banish ig i 
or so it seems—is to ban it. And across (& 
world there has been an increasing chongg k, x. 
opinion seeking a ban on child labor. De TERRY 
of the proposals have varied. In the Ung hatin 
States, the so-called Harkin’s bill (Child LA Beat 
Deterrence Act of 1997) seeks to ban they Ley 
port of those goods which have used chilli 
bor as input. International organizations #% SOF 
many citizens fora have talked about labe oars 
products which are free from child-labor? 14; j iii 
puts so that individuals, by confining theire i ca i 


Ta 


of these Aa E interventions ai 
counterproductive. : 
This is a field of study where prescrifi 
has outstripped analysis by a wide mari E < ae 
is the aim of this paper to construct a m% re $ 
of child labor which can then be used (om H 
and answer some policy questions. het z 2 oes 
one central idea which is at the heart of RS A 
model. The next two paragraphs ` give £ an bal A 
tuitive sketch of this idea. 2 
In the popular mind, child labor is very 7 x i 
equated with child abuse. The phenome $ 
taken to be a product of avaricious ently rome; 
neurs seeking cheap labor and selfish pat ag ms 
who would prefer enjoying leisure while 9% 
children work. It seems to us that whilé? = 
popular description of entrepreneurs mayip E 
be accurate, the parents are mischaract! 
We argue instead that the traditional m nol fue ped 4 
the household, where parents take theif. apie 
dren’s interests into account, while sont e C A 


soa 


u 
a -ia 

bei 

€ 3 en É 

e koy- 
Aet wh 
“20 
se Fh A 






















Reet ctic, is a better model. Thus, while not 
-o Bitsy that child abuse does occur in all so- 
a P ees, we take the position that when we have 

a Wsin working as a mass phenomenon as in 


i Sery Jess-developed countries, it is much 
id) Re likely that this reflects not a difference 
Se mthe attitude of the parents but the problem 
ros af stark poverty where the parents are com- 
Oe ie -pelled to send the children to work for reasons 
d- a Bee eorvival. Even in England, which witnessed 
le `= ~a of the worst excesses of child labor in 
id afate eighteenth and early nineteenth cen- 
28: "ries, a parliamentary report noted that ‘‘par- 
-fl eniiwere desperately unhappy about the 
-*“gityations their children were in but could do 
thing about it. The social system allowed 
-+f dhem no choice.” (Sara Horrell and Jane 
anish it-&<Humphries, 1995. ) 
across hEG#4.Once we accept this description of house- 


at 


chorus (é<zhold decision-making, the case for declaring 


wr. Detail child labor illegal gets considerably weakened 
ae Unit/p:<but in some situations there may nevertheless 


aild Laby}:?:b6'a more complicated and equilibrium-based 
an the im§ :feason for declaring child labor illegal. If we 


d child Inf agree that sending children out to work is an 
tions ang: act of desperation on the part of the parents, it 
it labelinf :keems reasonable to expect that parents would 
-labor inf *ROt send their children to work if their own 
their com: y 


Wages were higher or employment prospects 


-escript 
tam ‘adults will rise in response to the excess 
sed to d for labor.’ But as adult wages rise, it 


very oñéf 70 may become unnecessary. Essentially 
omenolbg:. =- St We are claiming is that the labor market 
; entret yes) characterized by multiple equilibria— 
sh paret k: hich wages are low and children work 
while bf: another in which wages are high and chil- 
while ee i > not work. - 
s may "S 
wacteriz® 
al models 


¥ 7an 
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their Oe ees 
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In the scenario described here, the purpose 
of government intervention is very different 
from that in conventional models. In our 
model, intervention does not create a new 
equilibrium but simply jolts the economy out 
of one equilibrium to another preexisting equi- 
librium. In this model, partial bans can have 
unexpected adverse effects. 

Economists seeking government interven- 


-tion in the child-labor market have typically 


justified their recommendation by claiming 
that there are externalities to child labor or that. 
private returns to education are smaller than 
social returns.’ But such arguments need to be 
substantiated since ‘“‘externalities’’ are too of- 
ten treated as a catchall. What our model dem- 
onstrates is that in certain specific situations 
there may be a rigorous case for a ban simply 
based on the child-labor market’s natural ten- 
dency to exhibit multiple equilibria. 

There are many other aspects of child labor 
which are important—its dynamic implica- 
tions, its relation to education and human cap- 
ital, and its medical aspects. But those are not 
our concern here. Our focus is on the multiple 
equilibria which seems to be a natural and in- 
herent (potential) characteristic of child-labor 
markets but have eluded researchers and 
observers in this field. 

The plan of the paper is as follows. Section 
I presents some basic information on child la- 
bor and some accounts of historical experience 
which are relevant as backdrop to our model. 
Section II presents a basic model and intro- 
duces a diagrammatic technique for depicting 
equilibria. Section II suggests ways of gen- 
eralizing the basic model. Policy questions and 
the subject of legislation form the subject mat- 
ter of Section IV. Section V considers the im- 
plications of the model for the economics of 
fertility and suggests ways of extending this 
kind of modeling to other areas. 


I. Facts and Experience 


To begin with the current scenario, the only 
thing that one can be certain about are the 


? A more sophisticated claim is that child labor is a 
manifestation of failures in other markets, such as the mar- 
ket for capital or insurance (Christiaan Grootaert and Kavi 
Kanbur, 1995). 
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broad parameters of the problem. We know 
that a very large number of children— 
meaning persons below the age of 15 years — 
work. Most of these working children are in 
the Third World, with the exception of child 


` prostitution, the incidence of which can be high 


even in industrialized nations. The bulk of child 


‘laborers belong to the 10-to-14~year age cate- 


sory; but there is also a substantial number of 
children below 10 years of age who work. 

As we go behind such broad generalizations 
to actually construct numbers, we run into con- 
troversy. Employment surveys typically do not 
have respondents below 15 years of age. Some 
countries, such as India, have tried to officially 
count the number of children who work. But 
one can get very different answers depending 
on which source one turns to (for discussion, 
see Myron Weiner, 1991; Grootaert and 
Kanbur, 1995). For instance, in 1983 the na- 
tional sample survey estimates showed that 
17.4 million children worked, whereas a study 
by the Operations Research Group, conducted 
at the behest of the Ministry of Labour, esti- 
mated the number to be close to 44 million. 

For an overall statistical picture, one can 
turn to the ILO estimates of 1993 collated and 
quoted in Ashagrie (1993 Table 4). Among 
children between 10 and 14 years of age, 70.9 
million are laborers. If we look at ‘‘participa- 
tion rates,” that is, the percentage of children 
who work among all children of that age- 
group, the figures can be quite alarming. For 
the world as a whole for the 10-to-14-year age- 
group, the participation rate is 13.7 percent, 
and in some parts of central Africa the figure 
can be as high as 32.9 percent.’ 

Historically, child labor was not the pre- 
serve of Africa, Latin America, and Asia. 
Some of the worst excesses occurred in Eu- 
rope in the late eighteenth and early nineteenth 
centuries and especially in Britain during the 
Industrial Revolution.* According to most 


* For a survey of the contemporary world situation per- 
taining to child labor, which goes beyond numbers and 


looks at institutional details, see Assefa Bequele and Jo - 


Boyden (1988). 

*We confine most of our historical observations to 
Britain. The reader may refer to Weiner (1991 ) for a brief 
description of the experience of other European nations 
and also Japan and the United States. - 


‘bor was on the decline by 1851, it is possible ! 

































sources, the participation rates in Britain nA ipe 
ing its industrial revolution were very hit & EIS 
higher than the contemporary rates ing 3 poet 
regions of the world with the sole exceptii 
middle Africa. According to the 1851 cx oE 
in England and Wales 36.6 percent of ne 
aged 10-14 and 19.9 percent of girls A 
same age-group were working. It is striking, Me 3 
note that these high participation rates in Th ES ‘34 
existed despite the main Factories aosi 
1833 and 1844), which placed curbs on $ 
labor, being already in place, and child la ae ee ca 
arguably being on the wane.° ! + . 
One important question is: what afia il ie x 
the Factories Acts have on the incidencg gg Ey Ti 
child labor? The answer to this will helpi eae 
speculate about the consequences of the ming RA 
laws which are currently either in effect or ae 
der consideration. A study by Grootaert a és 
Kanbur (1995) suggests that the incidencs@ (ere 
child labor was declining even before the he “Meher 
tories Acts. Given that the nonpoor peoples i ability 
poor countries do not send their children : Sere, i 
work, could we assert that child labor in Boy EE 
ain would vanish anyway as British prospi. Fees, 
rose, with or without laws to curtail child A ad 
employment? The model we develop showy: Sarig 
help us ponder such questions, but in thet feta b 
mainder of this section let us try to elicitig ekildi 
formation from the historical literature inom’ pa ed 
to give shape to some of the a ae u: gh 
we use to build our model. 4 F T a ae 
The popular instinct among most section§ ae fect, 
our society is to support ideas’ such as re err 
outlined in Senator Harkin’s bill in the Uni b Ri rake ay: 
States, which seeks to ban the import of cl Poke! 
labor-tainted products. This popular inst 3 La . 
stems from the presupposition that the ¢ i PE 
tence of child labor is the product of A 
the part of employers who employ the T. 
and the parents who send the children t oia 
As stated in the introduction, we re es 


5 A districtwise breakdown of this data is rep% jii £ ai 
Hugh Cunningham (1990). Though we say that j f: a Pes : 


number of children who did some work peaked it” 
(see Clark Nardinelli, 1990). However, the mitig@77 aa ™ 
tor was that, by the late nineteenth century, most if a : th 4 
were working only halftime. This was in respon gi a 
requirement of the Factories Act of 1874 that on + 
tend school on at least a half-time basis. “ee p 






















A of the parents. And indeed there is over- 


saigh Stee reimning support for this rejection. 

in al ee Sethe first and foremost evidence is the con- 
ition of Began porary fact that the children of the nonpoor 
sensis idom work even in very poor countries. This 
f boy È< pietiomenon is best explained by supposing 

in the: {parents withdraw their children fromi the ` 
king f or force as soon as they can afford to do so. 
n 185{: §:#vother words, children’s leisure or, more pre- 

sf Bcccisely. nonwork °® is a luxury good in the 

n child: Rowsehold’s consumption in the sense that a 


1 labg: $< poor household cannot afford to consume this 
“Ete gg0d but it does so as soon as the household 


ey 
Pal - 
SE kako 
oe -. s j 
+ 
~ 


sta nineteenth-century census data for Phila- 


ort and @<delphia, Claudia Goldin’s (1979) analysis of 
ance of «this data leads her to conclude (p. 124): ‘‘The 


frag ie 


1e Fac: $ higher the father’s wage, the lower the prob- 
ople in ¥- "ability of the child participating in the labor 
dren to #°ferce.”’; and also: ‘‘The father’s unemploy- 


n Brit fient sent both boys and girls into the labor 
force, with a stronger impact on the former.” 
k Atdifferent kind of evidence comes from 


icit itt dren who worked rarely blamed their par- 
n orda § $, believing instead that it was poverty that 
ns hie fove the parents into making the children la- 


dionsd 5 Boy attributing to each household one utility 


s thog; ction, our analysis does abstract from re- 
United i There is evidence, for instance, that 
f chil $ old consumption patterns differ de- 
instint 8B on who takes the decisions and who 
e exite 

reed OR 

3 work, aira smee the alternative to work may not necessarily be 
2ct tb are. It could, for instance, be education. 


er , 
“ate only exception to these findings occurs in the case 


SOnolism on the part of parents. It is difficult to get 


+= oh alcoholism. We have simply been able to deter- 

ported sae sa 1800, an average person in England and 

chil ds goes 27 gallons of beer per annum 

> that ~h 1990). But It is difficult to judge from this 

-~ inh s aout information on the distribution of this con- 
~~: >n and the con 

ating” vea sumption of other types of alcohol) 

t chil p. avy the drinking was. However, the sociolog- 


gore ress pry Writings cited above do not give the 
ideit PS trees fe the alcoholism being particularly high and, 
‘EIS aac cs, Cause Of mass child labor. 
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earns the money.® Despite this abstraction, it 
is worth emphasizing that our model does not 
conflict with recent evidence and theories 
which ask for the rejection of the “‘unitary 
model’’ of the household. This is because we 
assume that a child’s labor-supply decision is 
taken by a parent. There is no attempt to deny ` 
that this decision could be different if the de- 
cision-making were shifted to another member 
of the household. 

More generally, all we want is to give pri- 
macy to the household or family wealth as a 
determinant of child labor. There has been 
some recent attempt to model parents and the 
children as being involved in bargaining con- 
flicts (Carolyn M. Moehling, 1995; Manash 
R. Gupta, 1998). Such investigations are 
worthwhile but, if we were to have one.rep- 
resentative model for analyzing child labor, 
we do not consider the bargaining model to be 
the right one. The model presented in the next 
section captures the essentials of our main 
theoretical idea. 

Finally, it is important to emphasize that the 
phenomenon of child labor has important so- 
ciological and psychological issues at stake. 
The child-labor market does not always oper- 
ate on the basis of voluntary exchange but in- 
volves coercion and psychological pressures 
(see Jonathan Silvers, 1996 p. 82). Neverthe- 
less, we have stayed away from many of the 
larger issues and confine our attention to a rig- 
orous, economic analysis because it is not 
clear to us how we can take on board different 
aspects of this important phenomenon — 
economic, sociological, psychological—all at 
once. There is no choice but to dissect such a 
large phenomenon into several parts and to an- 
alyze these one at a time. Moreover, we hope 
that our paper demonstrates how well- 
meaning spontaneous recommendations can 
often backfire. This is an area where what 
seems obviously the right thing to do may turn 
out, on deliberation, to be quite the opposite. 
As a consequence, this is also an area where 
individuals and groups, with their own self- 
interested agenda, can garner mass support for 


8 For discussion on this -see, e.g., Amartya K. Sen 
(1990), Martin Browning et al. (1994), and Christopher 
Udry (1996). 
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policies which actually benefit them while su- 
perficially appearing to help the cause of the 
laboring children. Formalism and scientific in- 
quiry can be a bulwark against this. 


i. Child Labor: A Basic Model 


What is nice about the results derived from 
this model and the one ifi the next section is 
that they are based on very weak assumptions. 
The two essential assumptions may be codified 
as the following two axioms. 

The Luxury Axiom: A family will send the 
children to the labor market only if the fam- 
ily’s income from non-child-labor. sources 
drops very low. 

The Substitution Axiom: From a firm’s point 
of view, adult labor and child labor are sub- 
stitutes. More specifically, child labor can be 
substituted by adult labor. 

In constructing the models we shall use 
many special assumptions and functional 
forms but those are all expositional devices. 
They keep the analysis tractable. All our main 
results are, we believe, essentially derived 
from the luxury and substitution axioms. It is 
worth stressing here that the luxury axiom that 
we need is weaker than the word ‘“‘luxury”’ 
suggests. (This is clarified in footnote 11.) 
These assumptions are not in themselves suf- 
ficient for generating multiple equilibria but 
they are sufficient for giving us a model with 
a potential multiplicity of equilibria. We dis- 


cuss the conditions under which multiple equi- 


libria actually occur, after describing the 
model formally. The above assumptions are 
built into the preference relations and produc- 
tion functions that we specify in this and the 
next section. 

Assume that there are N identical families 
(or households) in the economy and that each 
family consists of one adult and one child. The 
latter of course may be simply a convention 
whereby we call the two parents ‘‘one adult’’ 
and the two children ‘‘one child.” The fam- 
ily’s preference, >, is described by a binary 
relation defined on the set 


(1) {(c,e)|c =0,e € {0, 1} }, 


where c is consumption by each family mem- 
ber and e is the child’s work effort which can 


` Tt is} however, very strong. This is only Sie 

















only take on values of 0 or 1. We are assy eo 
that the adults always work, no matter: mS 


adult consumptions are presently assum ae 
be equal. ue 
We shall now impose an assum, ae ‘Ge 
which is in keeping’ with the luxury aiy y 
and the arguments presented in this sectia Ep ES: 


ta nek at iz 


reasons of simplicity and is relaxed lą lale te a eS 


fers to send the child to work if and on : 
in the absence of income from the chyf: ey 
each individual’s consumption falls bey E A 
a certain exogenously fixed subsiste Heenan 
level, s. More formally, for all 6 > 0, | a2 


(2) (c,0)>(c+6,1) "e, a 
and (c + ô, 1) > (c, 0) feg 


The household’s aim is to choose c and o 
as to maximize its preference subject to oe The à 
following budget constraint: 


(3) 2c = ewc + Wa, 


where wc and w, are the market wages ft es : 
respectively, child and adult labor. E Bay: a 
household treats these wages as given. V tach i 
The solution to the household’s maxim eee 
tion problem, therefore, is as follows: 


ji if w, < 2s. 


w 
—4 if Wa = 2s 
2 
(4) c(wą)= Hdi 
f $ if Wa < 25; A 
2 rK, 
Puc 
0 if w, = 2s es 
(5) e(W,) = g 


It follows that labor supply of adults 9 = ae 
children, denoted by S^ and S“, are give P ii 


(6) S4 = N; 


0, ifw,=2s ee 
N, if w, < 25. 
















eke. 
i Res Our next step is to derive the market de- 
-AP epnd for adult and child labor. To do so we 
mE ae yoke the substitution axiom and make the 

w simplifying assumption that adults and chil- 
Ha en nare substitutes in production subject to an 


ption adult-equivalent scaling, given by y, where 
axiom 0:< y < 1. So assume there are n identical 
ction, firms, each producing a single consumption 
ly for -~ good. Each firm i’s production function is 
later, fi: given by: 
y pre- pies. 
only if (8) x, =f(Ai + YG), f’ > 0,f" <9, 
child, fh 
below $=.: ere x; is firm i’s output of the consumption 
stence f°"; agod, and A; and C; are respectively the num- 
ae E ‘ bers of adult and child laborers employed by 
_ Peet firm 7. The firm is a wage taker. Hence, firm 
n, E i's problem is as follows: 
C <s Bex i max f(A; + yC;) — Aiwa — Ciwc. 
andes F ae 
t to the g; -> The solution to (9) is straightforward. If w, < 
= Wely, then the firm will employ only adults. 
If w, > wc/y, then it will employ only chil- 
— dren. If w, = w-/y, then it will be indifferent 
«between adults and children. We call w¢/y the 
ges fon {>> “effective child wage,” that is, the market 
T. _ Child wage per adult-equivalent. In addition, 
l e firm will always ensure that 
aximizė 2 n 
: W f' (A; + yC) = min} wa, E}. 
= 2s; i 


“The ageregate demand for adult and child 
$ T D© and D4, is derived by multiplying 
< me: Sach firm’s demand by n. Hence, D^ = 
Er D? (wi, wc) and D© = D€ (w4, wc) are given 


ae 


E $; - ‘implicitly by the following. 


ate = 
2i f 








a 7 (1) r If w, > = then D4 = 0 
| Cc 
adults a amaf’ ( 2D ) an 
givenb i x 
then DE = 
ey D 
SDS: and f (>) = W4 
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If w, = — 
y 
D4 + yDE w 
th ri y Jam". 
n y 


A labor-market equilibrium i in this simple 
model is a pair of "wages, C Wa A» we), such that 


(12) D4(wkF wi) =N, and 


D°(wa, we) = S° (wï). 


At first sight it may seem that what we have 
described is a partial equilibrium. However, it 
is easy to embed this model in a general equi- 
librium framework without having to modify 
the above description. One way is to think of 
this as an economy where the firms’ profits are 
not shared with the households but instead are 
consumed entirely by the entrepreneurs of the 
firms. In that case the labor-market equilib- 
rium would fully characterize the closed- 
economy general equilibrium.’ Alternatively, 
we could assume this to be a small open econ- 
omy which would imply that the goods market 
will trivially clear and the same results would 
derive. One implication of viewing this as a 
general equilibrium will be that both equilibria 
will be Pareto efficient by the fundamental the- 
orem of welfare economics, though, of course, 
the labor households may be better off in one 
equilibrium rather than another. 

We now develop a diagrammatic technique 
for depicting this equilibrium. The geometry, 
apart from aiding intuition, turns out to be a 
very useful instrument for doing policy anal- 
ysis. Jt also helps us see very clearly how this 
model may exhibit multiple equilibria so that 
in the same economy, children working and 
children not working can be part of equilib- 
rium behavior. | 

In Figure 1, consider first the (w4, Wc)- 
space. The axes of this space are marked Ow, 
and Ow,. For wage pairs above the horizontal . 
line w, = 2s, children will not work, e = 0; 


? We are grateful to Heraklis Polemarchakis for discus- 
sion on this. 
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Wa 


-- - Two types of equilibria: 
Children do not work 
Children work 


FIGURE 1. EQUILIBRIUM IN THE CHILD- AND ADULT-LABOR MARKETS 


and below this line e = 1. In this space draw 
the graph of the function w, = w-/y. This is 
the line OM. Since y < 1, this line is steeper 
than 45°. This is a very significant line and will 
be referred to here as the “‘ridge.’’ If (w4, Wc) 
is above the ridge, then the demand for adult 
labor is zero; if (w4, Wc) is below the ridge, 
then the demand for child labor is zero. What 
happens if the market wages lie on the ridge? 
Let us define the ‘‘effective labor’’ used or 
demanded by a firm to be the total amount of 
labor measured in adult-equivalents being 
used or demanded by the firm. So if a firm i 
employs A; adult laborers and C; child labor- 
ers, its effective labor employment is A; + yC;. 
If the market wages for adult and child labor- 
ers lie on the ridge then we know from (11) 
that each firm’s effective demand for labor, L; , 
is given by f’(L;) = Wa = wcly. In other 
words, firm i facing such a (w,, wc) will be 


M 





Wc 
Way 


1, Sa 
pa 


a 


B 


os 












willing to employ any combination of i a 
labor, A; , and child labor, C;, as long asie ; 
yC; = L;. Since all- n firms are identical i ad í 
aggregate effective labor demand in the $ 4 la F 
ket is L = nL; , which allows L to be impli k 
defined by f’(L/n) = wa = wcl Y. E 
Consider the ridge as the ‘“‘vertical: Mete 
and draw a line through O which is orthog a ral 
to the ridge and going eastward. The thick k 5 
labeled ‘*Effective Labor’’ in Figure $ 1 Pa. 
resents this line. Now, to start with, COP gress: 
only wages which lie on the ridge. Wes 
call the two-dimensional Euclidean spate 
which the ‘“‘vertical’’ axis is the ridge om 
“*horizontal’’ axis effective labor the “i | 
Euclidean space.’’ For every point at Ei r 
ridge (showing a particular wage pair) f vE 
off the firms’ effective labor demand @ ‘ane 
axis marked ‘‘Effective Labor.’” That oo con ihe 
give us a downward-sloping curve in t0“ Saate 























"fom now on always mean horizontal in 
{ited Euclidean space) blowup of such a 
a and therefore represents the firms’ aggre- 
an gate ffective demand for labor for wage pairs 
4 fying on the ridge. Hence, if (w4, wc) is point 
epithe aggregate effective demand for labor is 


< 
e 
, ae 
ma EP 
ot a rn Ed v s w ao i 
p] 


Jf given by ON. | 
Fe Iris now easy to read off the respective de- 
zand for labor for wage pairs which are not 
-£ veg the ridge. In the (w4, wc)-space, suppose 
E(w Wc) happens to be a point vertically 
+ ghove E. Then clearly, adult wage exceeds ef- 


(11) and (12), the firms’ aggregate demand 
- -: for adult labor is zero and the firms’ aggregate 
E: demand for child labor expressed in adult- 
Ec equivalents is ON. Thus the wage determining 
the amount of effective labor demanded by 
Es firms is the child wage. Or, to put it differently, 
_E’ given a wage pair at G, the aggregate effective 

E“ demand for labor is given by moving vertically 
E down from G to E on the ridge and then ‘‘hor- 
§ Bontally’’ to the line BD. Hence, the effective 
ų demand is ON. For points above the ridge the 
+ effective demand is exclusively effective de- 
<. mand for child labor. The reader should satisfy 
f himself or herself that for wage pairs below 
f. the ridge the same exercise is carried out by 


-EA 


¢: Moving horizontally to the ridge and, of 
f carse, the demand for labor is now exclu- 
m of aft € sively for adult labor. Hence, given a wage 
ng as A;* 


; p> pair at H, the demand for child labor is zero 
„2ntical, $y aad the demand for adult labor is ON. 
fg.*7In Figure 1, let us now draw the effective 
labor Supply (that is, aggregate labor supply 
„$. Measured in adult-equivalents ) corresponding 
x: T T pairs that lie on the ridge. Note that 
“pe il Wage pairs on the ridge and above J, 

the ‘supply of child labor is zero [see (7)]. 










- yuni 




















Fer e 





ure 1, Mf, /eace, for all such wage pairs the effective 
h, consi¥&: S¢Pply of labor is ON, where ON = N (that 
>, We Sie number of adults in the economy). If 
ın space air is below J, the aggregate effec- 
dge an y.of labor is given by N + yN since 
the “fi vl are now out to work. Hence, the 
jint 0 Bate, effective supply of labor in the 
pair) # Clidean space is given by the two line 
and of! R and KP. 


thesia first locate equilibria that may lie 
A 8e. This is done simply by looking 


BASU AND VAN: THE ECONOMICS OF CHILD LABOR 419 


at the tilted Euclidean space and the points of 
intersection between the aggregate (effective) 
demand and supply curves. In the case illus- 
trated in Figure 1 there are two equilibria given 
by the wage pairs E and F. At F both adults 
and children work, adult wage is very low and 
children’s wage even less. At E, adult wage is 
high, no children offer labor on the labor mar- 
ket, and the entire demand._for labor is met by 
the supply of adults. 

To complete the search for equilibria, we 
must now check if there are any equilibria off 
the ridge. Using the ‘‘ridge equilibria’’ as 
benchmark, this is easy to do. All wage pairs 
on the horizontal line through E and H and to 
the right of E constitute equilibrium wage 
pairs. Since, in this simple model, these are 
trivial extensions of the equilibrium at E, we 
shall in the remainder of this section focus at- 
tention only on the ‘‘ridge equilibria.” 

The occurrence of multiple equilibria is by 
no means necessary in this model. If a coun- 
try’s labor force becomes more productive 
(because of better technology, for instance), 
so that the aggregate demand curve, BD, shifts 
to the ‘‘right’’ (that is, in the tilted Euclidean 
space), we shall soon have an economy with 
a unique equilibrium where only adults work. 
We believe that industrialized countries are in 
such a situation. If on the other hand, labor is 
very unproductive, so BD shifts to the ‘‘left,”’ 
we could have a unique equilibrium and child 
labor is a necessary phenomenon. ° 

There may not be a case for banning child 
Jabor in such a situation. As can be checked 
from Figure 1, a ban in such a model will raise 
adult wage but will nevertheless be less than 
2s. As long as this new adult wage is less than 
the previous adult wage plus the child wage, 
all laboring households will be worse off. The 
popular support for a child labor ban in such 
situations usually stem from other hidden 
agenda such as protectionism or misguided 


1% It is arguable that Britain in the early nineteenth cen- 
tury had only the bad equilibrium; then in the mid- 
nineteenth century the bad and good equilibria; and by the 
start of the twentieth century only the good one. Policy 
intervention would be important mainly in the middle 
case. It would be redundant by the century’s end, and very 
difficult to effectively implement and also of dubious wel- 
fare consequences at the start of the nineteenth century. 


tmm es aes amo E- o- 
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concern for labor. Any argument for a ban has 
to be much more sophisticated. We discuss 
this matter in detail in Section IV. 

Return now to the case of two equilibria as 
shown in Figure 1, and suppose that the econ- 
omy is currently at the “‘lower’’ equilibrium — 
that is, at F. While a model is never an exact 
mirror of reality, .it is possible that Eurepe to- 
wards the end of the nineteenth century, in the 
Jast years of its industrial revolution, resem- 
bled this equilibrium better than any other. 
Wages were low; children worked for wages 
but labor productivity was moderately high. 

The policy issue here is very interesting. A 
ban on child labor can very well be justified. 
If there is a total ban on child labor, effec- 
tively, the supply curve of labor in Figure 1 
will be the ‘‘vertical’’ line from Q through R, 
all the way down to N. Hence, the equilibrium 
at F ceases to be an equilibrium. The only pos- 
sible equilibrium occurs at E. At this equilib- 
rium there is no child labor. What is 
interesting, however, is that the legislation 
banning child labor, which has so big an effect 
moving the economy from F to E, ceases to 
be a legislation of any consequence after this 
change. That is, even if the legislation were to 
be subsequently revoked, the economy would 
remain at E. This is a consequence of multiple 
equilibria. ““Interventionist policy’’ clearly ac- 
quires a new meaning in economies with mul- 
tiple equilibria. Such a policy will be called 
benign intervention, since such a policy ceases 
to constrain anybody’s behavior simply by vir- 
tue of being there. Its entire effect is in terms 
of its initial impact. We return to further dis- 
cussion of policy and welfare in a later section. 

At the cost of more algebra, several aspects 
of this model can be generalized. A model 
which allows for a more realistic utility func- 
tion and larger family size.is developed in the 
next section. One can also raise the question 
of heterogeneity in family size, preferences, 
and productivity. To the extent that our central 
claim is an existential one, that is, one that 
asserts that there may exist multiple equilibria, 
it is not essential for our purpose to pursue 
such a generalization. Also the model in this 
section and the next makes it evident that our 


model is not critically dependent on the ho- . 


mogeneity of agents. However, to raise further 
questions of policy and impact on different 














kinds of households it will be natural ce 
eralize along these lines 1 in the = sf 


rua 


In the general model each TE a oat 
sumed to have one adult and m (= 1) chit Sesti 
and each child consumes £( < n of wha mon 


child’s effort. Hence, 1 — e is each a eon af 
sure. Effort is now chosen from a contin toe - 
of possibilities. We shall represent the hog Re 
hold preference by the Stone- a ut 
function: " 


(c -~ s)(1 —e), if ¢ aye x 
7 PORS e 
where c = 0, e € [0, 1] and s > 0 is a par E EB 
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eter. The household maximizes u with rege}. 57-17 
to c and e subject to the budget constraint ¥ |, 


ween 
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eai 


4 
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(14) c + mpc = mewc + wa. parE 

ponu 

From the first-order conditions we pi TEN 

following effort function. ea 
(15)  e(W4, We, m) 


0 ifs+smB+mwesw, 

l if s + smB — mwc = Wa 

=) mwc— wa t+ 5+ smp 
2mWc 


; Ee 
'' It is easy to check that this implies that the © 
leisure is a luxury good because a doubling of ho- Æ EaF 
wealth (from non-child-labor sources) leads to 5” ig 
than doubling of child leisure. However, as will are 2 
parent as we go along, we do not really need the ("Biss est 
leisure to be a luxury good ‘‘everywhere.’’ Es a vi x 
what we need is that there exists a positive hov: 
wealth where children begin to consume leisure 9 E 
higher wealth where they cease to work. E 
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b The ageregate labor-supply functions for 
adult and child labor are respectively: 






5 T Stevan pen SA=N 
erwise. f= .8 










the same as in Section II. Hence, with m 
in an we define (w*, w2) to be an 


£ hin if 
t the ii f Re ; 
of nosey Ds 
s to a OE one 
yill be 
d the ¢ f 


roti Orth noting here that equilibrium wages 
on m and, ‘at times, we shall refer to 


the equilibrium wages as wi (m) and wé(m) 
to emphasize this-dependence. 

Using the geometric technique developed in 
Section II we can represent the aggregate effec- 
tive labor.supply and demand. Supply is given by 
the line QRKP in Figure 2. By inserting the de- 
mand curve for labor, BD (as before), it is clear 
that we shall have an odd number k of equilibria, 
of which (k + 1)/2 will be stable. The stable 
equilibria are denoted by points E and F. 

The generalized model can be used to ana- 
lyze policy as well as the effect of changing 
age structure of the population on child labor. 
To do this note that the length of NR in Figure 
2 in terms of the adult wage at point R is 
clearly given by s(1 + m6)/(1 — my). 

First assume 1 — my > 0. Then as m in- 
creases, NR becomes longer, and beyond some 
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point an equilibrium where children do not 
work at all will vanish. This can, somewhat 
approximately, be paraphrased to say that 
child labor is more likely to occur in a society 
with relatively more children. If 1 — my = 0 
or 1/y = m, it is evident from Figure 2 that 
the equilibrium where children do not work 
does not exist anyway. . 

More generally, check that as m increases, 
the supply curve of labor, QRKP, moves 
(weakly) to the “‘right’’ to, for instance, the 
broken line QR’K’P’, where K’P’ may be 
shorter than KP, but it may also be longer. 
Originally there are two equilibria at E and F. 
The high-wage equilibrium is still at point E 
but the low-wage equilibrium has moved from 
F to E’ where both adult and child wages have 
fallen. 


It is now easy to see what happens to child. 


labor. Suppose the ‘‘downward-slofing’’ de- 
mand curve for labor in the tilted Euclidean 
space is BD. It is evident that if, to start with, 
there was a bad equilibrium at point F, then as 
m increases, all children will continue to work 
(and of course there are more children now) 
and wages of both children and adults will be 
lower at the new low-wage equilibrium F’. 

On the other hand, imagine that if, to start 
with, there was no bad equilibrium (that is, the 
demand curve went over K), then as m in- 
creases, a bad equilibrium can come into ex- 
istence. In other words, a rise in the relative 
number of children can generate child labor. 
This seems to be consistent with the evidence 
(Grootaert and Kanbur, 1995). 


IV. Policy Intervention and the Law 


In the light of the above analysis, how 
should government intervene and how should 
legislation be used to enhance the well-being 
of families that are compelled to send children 
to work? The present section seeks answers to 
this question under the assumption of con- 
sumer sovereignty or, more appropriately, 
household sovereignty. In other words, in 
evaluating household welfare we assume that 
the household knows what is in its interest and 
we evaluate policies to enhance household 
welfare. 

We are aware that our assumption does get 
violated in some situations. We wish to com- 































ment here on one kind of violation, brig is 
our attention by Albert Hirschman,! ey 
the argument is that certain imposition 
consumer sovereignty are at times desi 
because they may result in a genuine x 
‚consumer preference or morality. Moc i 
what we consider moral or immoral dens 
on. what we are used to. We may Call this% oe: oat 
quired morality.’’ Certain practices ing 
away societies or times which look obvi ; 
immoral to us may not appear so to those 
cieties. Likewise it is worth being awarġ 
we may have certain common practices in 
society which will appear shockingly imm 
to our descendants when they look back aig $ 
late twentieth century. These acquired mek = 
ities then influence our behavior and pi% j% 
ence. Corporal punishment for children j -4425y 
good example of such moral relativism. guar 
some societies such punishments are natul@® yansi 
even desirable, and to others abominable, W: seid 7 
may explain why child labor is not only iÈ aiton 
erated in certain societies but considered KA: aia Wi 
ural and nothing to protest about. But iag E evili 
aversion to child labor is an acquired moni $i 
then one way to remove child labor is tog ne 
and make it customary for children 10@*’ AY e 
work. If for instance, child labor is banned. < ; 
some time, then it is conceivable that our] i t E 
ment in that matter will change—so that asé: g 
some time, even if the law is revoked, propp 
would not want to send our children to We 298E: 
regardless of household income. gatoi 
This leads also to multiple equilibria w a a is: 
ing through social norms. This is an emi. “eRe. 
plausible argument. However, in what folg = 5 es. 
we work within the confines of traditional Oa: PA 
nomics, where household preferences or j 
ments do not change. Our aim is to argued JE ret a 
despite this, we reach nontraditional P Wa ren 
conclusions. t 
One of the central policy conclusions! Y 
important role of benign policy interventi 
Consider Figure 2 and suppose there is VE- gy 
gregate demand curve, BD, that cuts WOR- S33% 
QR and KP. Then there are at least Ti ged hit 
tential equilibria. Suppose an economii ziin 
caught in the bad equilibrium, that is, 3t $ 4 Eee. T 
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2 Personal communication to K. Basu, dated F 
15, 1995. 
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ey ip: gi a fiotal ban on child labor could deflect 
In os Ss ijibrium all the way to the good equi- 
Ons iy S ? aiat point E. Hence, all working-class 
E he holds would be better off. And the policy 
| shite Be Sr iquidating in the sense that once in 
Auch y Bee “ee if plays no role and constrains no one’s 
depend # Rf lesen ate or. This is, of course, a consequence of 
his “æ $c heing more than one equilibrium. All this 
~ sin fag? gie discussed in Section H, and so we 
ovio FF ior not dwell on this anymore. 
hose yg se now that there is only one equilib- 
vare thy athe bad one. This is because the aggre- 
es in o$ T i demand curve (for labor) travels below 
immon f eee at R and cuts the supply curve exactly once, 


ithe segment KP. What will be the effect of 
t tal ‘ban on child labor? 
‘The:ban will clearly cause adult wage to 
| emie from f'((N + ymN)/n) to fe’ (N/n). 
nce.” < 0, all we know is that the ban will 
-etso adult wage to rise. The extent of the rise 
able. TEE ; egaldivary depending on the nature of the pro- 
only thf. duetion function, f. To see if the ban helps or 
dered nae “buns. worker households, describe the utility 
3ut if og: = levels ‘of the household with and without a ban 
morality, ‘by;(féspectively, U? and U”. Since with no 
r is to tj “inwe have a bad equilibrium, 
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5  tresing to note that some of the same effects 
: ild labor can be achieved through the im- 
> ofa minimum-wage law. 
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Hence, a ban on child labor hurts workers 
if 


(21) (| 


< (my + Df (TET) 


“7 ore 


Clearly we can find parameters under which 
this inequality may or may not hold. Hence, a 
ban could hurt worker households and also 
benefit them.'* 

Let us consider the case where a total ban 
cannot be implemented. This could be be- 
cause of difficulties in monitoring. Children 
can be stopped from laboring in factories but 
there is little that government can do to stop 
children laboring on their own family farms. 
Similarly, Senator Harkin’s bill in the United 
States can conceivably drive child labor out 
of the export industries in the Third World 
but can do precious little to prevent child la- 
bor in industries which produce for the do- 
mestic market. In anticipation of this bill 
becoming law, the Bangladesh Garment 
Manufacturers and Exporters Association 
took steps to fire children from their facto- 
ries. “‘The children went from jobs in gar- 
ment factories to much worse jobs, such as 
breaking bricks in the hot sun or, even 
worse, prostitution’’ (Sarah L. Bachman, 
1995 p. 3). Another problem with some of 
these well-meaning suggestions for inter- 
vention is that they can provide a refuge 
for people and lobbies with other agendas 
that are not as well meaning, such as 
protectionism. 


'? We have in our analysis ignored the fact that a 
small but nonnegligible number of children belong to 
no family. They are ‘‘abandoned,’’ and make their 
own decision to work or not work. A blanket ban on 
child labor, without any provision for such children, 
will almost always work against the interest of these 
children. A model that explicitly deals with the prob- 
lem of ‘‘street children’’ (for an empirical account, 
see William Myers, 1988) would have to be based on 
very different assumptions from the ones we have 
used here. 
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It is therefore important to investigate the 
effect of partial bans. To model such an in- 
tervention, let us introduce an innocuous dif- 
ference between the n firms in the above 
model. Suppose n, firms are run by red- 
headed entrepreneurs and n, (=n — n,) firms 
by greenheaded ones. Government, we as- 
sume, can only administer a ban on the . 
‘‘red’’ firms. What will be the effect of such 
a ban? 

So we start from a bad equilibrium (wž, 
we) and then have a ban announced for the n, 
red firms. The consequence of this depends on 
the size of n,. 

Note that each firm’s demand for effective 
labor in the equilibrium is (1 + my)N/n. 
Hence, total demand for labor from the red 
firms is n,;(1 + my)N)n. Suppose that the 
number of red firms, n,, is so few that the fol- 
lowing is true: 


(22) mms =N. 


In other words, define n’ = n/(1 + my); and 
suppose n; < n'. Then the ban has no effect. 
All the red firms employ adults and the green 
firms employ the remaining adults and all the 
mN children. 

Now suppose n, > n'. Evidently the pre- 
ban demand for labor by the banned red firms 
exceeds the supply for adult labor. Hence, the 
pre-ban equilibrium cannot be sustained since 
we now have an excess demand for adult labor 
(and excess supply of child labor). Several 
possibilities arise in this case. One interesting 
situation would arise if there exists (W,, Wc) 
such that 


(23) =s+smB —-mic; 

(24) f’ e = Was 

(25) f' ) 2 We 
No Y 


Combining (23)-(25), we can equivalently 
write the following condition: 


N 
(26) f’ (*) 
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If n,_satisfies (26) then. we_have, afterh ke 
ban, an equilibrium where adult wage is ij S 
child wage ŵc. The red firms employ ag A a 
adults, the green firms only children. All qa: 
dren still work. And since W¢ is clearly less] ae 
we, child wage is less after the ban. From 
point of view of banishing child labor, thè% 
would, in this case, have to be consid 
failure. It does not diminish child labor, i ME CO 
child wage. This is the possible predican 7 
that one has to worry about in recommen j 


It is worth noting, however, that even 03 2 l 5 
is satisfied and the ban is a failure fromig.-agyy 
point of view of controlling child labor, itty fs efik 
or may not lower the utility of the wok: paar] 
households. That depends on the following§ sey 
(26) is satisfied and Ww, and We are such wg ig te 


(27) 


then the ban not only worsens the child- mi ear 
condition but it lowers household utility i$: ‘ps1 
well. If the inequality 1 in (27) is reversed, WE ` 2 Sip 
household utility rises. If, on the other hi$ wiet 
n; is very large, and close to n, it is easy E (pil 
see that the ban works as if it were a total ig sork: 
and the labor market would settle at the i ‘kiato 
equilibrium. E ee 
The above discussion is at best a sum -ia 
analysis of what would happen in a develo JEW; 
country if its exports which use child labor E ya 
banned. A fuller model can potentially bet E RET 
to address a variety of policy questions! in Fe 
regard. Suppose, for instance, the export I. +: 
try is competitive and therefore runs ona% i k a 
der profit margin and this is a small county f g: uae 


wa + we < w* + mwè, 


on child labor can increase the cost of p we , 
tion and cause the export industry to SE- gue? 
sharply, leaving the worker households * A y AT 

off. But, for a formal analysis we need to a k er 
on our simple model more cag ‘Breas 

tures so that such questions can be fom Pa f ae: 
taken. up. 
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l There are many other kinds of policy— 


a E Ses, subsidies, and other restrictions—the 
. FSqects of which can be checked out using our 
role a sum up, bans are a powerful instrument 
~ {È Bat by no means unequivocally desirable. One 
£2 figs to be very careful about the empirical con- 
r the E= text before using this instrument. If there are 
=, agus: ggaltiple equilibria in the labor market, a ban 
only £>4g-a benign policy intervention and worth- 
chil. hile. But if the market has only one equilib- 
; than um which is likely in very-poor countries, 
n th {then a ban can worsen the condition of the 
2 ban “labor households. Partial bans are especially 
red a {cst likely to backfire and cause deterioration in la- 
only ==’ bor conditions. The first-best policy is to attack 
iment £= ihe problem at its source. This entails improv- 
Xding £- ing the condition and scope for adult labor. 
d ban, fede: 
? (26) fS8V.. Concluding Remarks: Fertility and Gender 
n the yrs 


t may #22. The model built in this paper has implica- 


ee 
Ee 





sorker => tions for analyzing fertility and population pol- 
‘ng. fF. fey, It seems likely that the multiple equilibria 
that in the labor market could bring about a mul- 


tiplicity of equilibria pertaining to fertility 
Choices of the household, once such choices 
ate endogenized.'> If our conjecture is right, 


-labor ® then this will have implications for the kinds 
ity af Of population policy that we espouse. 
1, then %-. $4 Suppose an economy is at an equilibrium 


asy 10°: Pointless in such a situation to send extension 


har 


i " ‘Workers to households to explain to them the 


f- .ltfationality of large households. This is be- 
e=. Cause the large family is a conscious, rational 


i „Where fertility is high and children work. It is 


k 


Togale ti: „decision. This is, of course, a widely held 
Joping gi? “View. What is interesting is that even though 
or Wert B=" there is no individual irrationality at this equi- 
eudi: ibriom, the equilibrium may well be exhibit- 
in h 4.5" Me group irrationality. Everybody would not 
indus § Pd be better off if everybody had small.fam- 
a sler §:* + Wes; but every individual family may prefer 
try and $. to be Small if other families were small. Hence, 
1a bak policies we would have to conceive of 
srodue x $ PEDRE 


hva the a the market for child labor and fer- 

ates Peat as been studied in the literature (see, for 

muotance, agen Cain and A. B. M. Khorshed Alam 

iw hig s 81) but the possibility of multiple equilibria 
Context seems to have been overlooked. 
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would attempt to deflect the economy from the 
high-fertility equilibrium to the low-fertility 
one. 

More generally, the framework developed 
in this paper, including the diagrammatic 
technique, should be applicable to several 
areas other than child labor. Whenever we 
have two or more variables being supplied by 
one decision maker, some of the same issues 
discussed herë are likely to crop ups Several. 
gender-related matters belong to this cate- 
gory. Traditional households, where the hus- 
band decides not only about his own work but 
also that of his wife’s, may give rise to female 
labor-supply functions such that we would 
have multiple equilibria with women being 
excluded totally from the labor market in 
some of the equilibria. There is however a 
caveat to this noted in the next paragraph. If 
the policy maker does not share the husband’s 
judgment, then she could use this kind of 
model to decide how best to intervene in the 
market in order to enhance or curb women’s 
employment. There may also be important is- 
sues of gender within the domain of child la- 
bor. There is evidence that the labor-supply 
response of girls and boys to changes in 
labor-market conditions can be very different 
(see, e.g., Goldin, 1979). Our model can, in 
principle, be extended to study the markets of 
boy-labor and girl-labor. 

If we do use this kind of a model to analyze 
gender issues and, in particular, the supply of 
female labor, one important real-life differ- 
ence needs to be kept in mind. There is some 
evidence that when women begin to work out- 
side the household and contribute to the house- 
hold’s income they also have more influence 
on household choices and decisions (see, e.g., 
John Strauss and Duncan Thomas, 1995; 
Nancy E. Riley, 1997). Hence, it is natural to 
expect that a man will take this into account 
when he decides to send his wife out to work. 
In addition, even if the initial decision about 
whether a woman works or not belongs to her 
husband, once she begins working the decision 
whether she continues to work or not may 
cease to be the husband’s decision. This antic- 
ipated shift in decision-making is likely to in- 
troduce some important complications to 
modeling female labor, as distinct from child 
labor. 
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Finally, one important area of practical 


concern to which models such as these can 


be brought to bear is the debate on interna- 
tional labor standards. Because of the im- 
portance of this topic in international 
politics, there is now a growing literature 
commenting on it (see, e.g., Gary S. Fields, 
1994; Dani Rodrik, 1995). These are matters 
which, despite the growing. interest, are still 
discussed without an accepted formal ana- 
lytical framework. Combining the model of 
this paper with trade could take us towards 
a formal framework. 
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A Theory of Holdouts in Wage Bargaining 
By WULONG GU AND PETER KUHN* 


Holdouts (the continuation of negotiations beyond the contract expiry date ) are 
the most common farm of. disputes in labor .contract. negotiations. We model 
holdouts as a delaying tactic employed by unions to obtain information about 


© . “ . . Q * ü 
other bargaining outcomes in their industry. Novel implications of our model econ | 
include a positive association between holdout duration and the number of bar- -~~ & mode 
gaining pairs negotiating contracts simultaneously; bunching of holdout dura- =$; ra pr 


tions within these ‘‘negotiating groups’ 


Understanding the causes of disputes in un- 
ion bargaining has long been a major focus of 
research in labor economics» both theoretical 
(e.g., Beth Hayes, 1984) and empirical (e.g., 
David Card, 1988). Until recently, however, 
a common limitation of most theoretical mod- 
els used in this area has been the tendency to 
ignore a potentially important option of the 
bargaining parties. That option is simply to fail 
to agree on a new contract, but to continue 

orking under the terms of an expired one 
(1.e., to “‘hold out’’), rather than proceeding 
immediately to a strike or lockout. Since hold- 
outs are the most common form of disputes in 
U.S. union contract negotiations (Peter C. 
Cramton and Joseph S. Tracy, 1992), and 
since the option to hold out can dramatically 
change the other outcomes of bargaining mod- 
els (such as strikes and wages),' an under- 
standing of holdouts would seem to be an 
essential component of any understanding of 
union contract negotiations. 


* Gu: Micro-Economic Analysis Directorate, Industry 
Canada, Room 527G, 5" Floor West, 235 Queen St., Ot- 
tawa K1A OHS, Canada; Kuhn: Department of Economies, 
McMaster University, 1280 Main St. West, Hamilton, On- 
tario L8S 4M4, Canada. Research on this paper was sup- 
ported by the Social Sciences and Humanities Research 
Council of Canada. We thank Ken Binmore, Tilman 


‘Borgers, Martin Osborne, Arthur Sweetman, participants 


at seminars and conferences, and two anonymous referees 
for kelpful comments. Special thanks go to Alan Harrison 
for providing the data. 

"See, for example, Raquel Fernandez and Jacob Glazer 
(1991). 
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’; and fewer strikes among holdouts which ..: 
end later in groups. Using a large panel of contract negotiations in Canadian 
manufacturing, we find considerable support for these predictions. (JEL J52) 


















To date, the only existing formal model 
holdouts treats them as an alternative threaly 
union can impose on a firm, sometimes mog 
appropriate to attaining the union’s ends the 


a full-fledged strike (Cramton and Tracji id of 
1992, 1994). In this paper we develop and tes! ~< za 
an alternative model of holdouts. A Key disting? = Abel hc 


pairs in an industry; in contrast to Cramton nae: : 
Tracy, we model holdouts as a delaying tacki . 
employed by unions to obtain informatiog.: - . 
from other bargaining outcomes in their ite. - 
dustry. More specifically, if unobservable a. 
pects of profitability are correlated acros 
firms, a union can acquire valuable inform. 
tion about its own firm’s ability to pay by 0b) 
serving the bargaining outcomes of othe! 
unions (Kuhn and Gu, 1996). When a numb; 
of contracts expire at the same time, an inftt 
mation externality, similar to- those in rece trikes 
sequential learning models (e:g., Rafael R 

1991; Abhijit V. Banerjee, 1992) arises; ed 


tiations first.” 
Like Cramton and Tracy’s, our model 
holdouts predicts that holdouts should *; 


r 


* In a recent paper, Christophe Chamley and pout oe si be, 
Gale (1994) investigate strategic delay and informal Ne mine 
externalities in a model of investment. Daniel : 


of consumption, and Gu (1996) in a model of the ado?” : 
of innovations. The pure informational externality iD "7 
models is similar to the one in our model. K 





























capable of generating holdouts which are fol- 

‘ved by strikes (in our data, strikes almost 
‘yer occur in the absence of a prior holdout). 
“gecond, while allowing for the possibility, the 
odel does not require the ad Hoc assumption 
{ofa production inefficiency during holdouts to 
{< penerate holdouts. Third, the model has a 
"Uc umber of novel predictions, including the fol- 
Towing. Since the information externality iden- 
tified above is exacerbated by the addition of 
ore bargaining pairs, mean holdout durations 
‘should increase with the number of bargaining 
airs negotiating simultaneously in an indus- 
y: Since the incentive to outwait one’s peers 


ae 


w 


We examine the above implications using a 
letge sample of contract negotiations in Ca- 


z ¢onsistent with other models of holdouts, the 
eFesults are remarkably consistent with our 
èw of holdouts as a ‘‘waiting game” that is 
Played among a group of unions. The context 
fother negotiations in one’s industry —a 
context which has been relatively neglected in 
sae- economic analysis of bargaining and 
Hikes to date—thus appears to be an im- 
Portant determinant of union bargaining 
oulcomes.* | 
‘Sections I and II of this paper analyze a 
sa l with two bargaining pairs, in which the 
& pairs negotiate their contracts si- 
usly. The model illustrates unions’ 





xample, almost all formal economic models of 
» Hayes, 1984; Card, 1990) consider only a 
> ang pair in isolation. While empirical anal- 
»Ot Strikes have occasionally tried to control for past 
Zig 8 outcomes of the same bargaining pair (e.g., 
=, 9) to our knowledge no such studies have con- 


=e effects of concurrent or past behavior of other 
pairs within the industry. 


x x Madian manufacturing industries for the period . 
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incentives to delay their wage settlements (or 
hold out), in order to gain better information 
about their firms’ ability to pay by observing 
the bargaining outcomes in other unions. To 
determine how long to hold out, unions trade 
off the potential benefits of learning from oth- 
ers against the cost associated with delayed 
wage settlements. Section ITI extends the 
model to the case of more than two bargaining 
pairs, and.sets.out the main testable implica- 
tions that distinguish the current model from 
other views of holdouts. Sections IV and V go 
on to assess the consistency of these implica- 
tions with the Canadian contract and strike 
data. Section VI concludes. 


I. A Model 


Consider two bargaining pairs: bargaining 
pair one (union 1 and firm 1) and bargaining 
pair two (union 2 and firm 2). The existing 
contracts for both pairs have expired at the 
same date, and both are negotiating the wage 
to be paid during a contract of duration T. In- 
formally, the game between the two unions 
and firms can be described as follows: at each. 
instant, each union decides whether to start to 
play a negotiation game with its firm, condi- 
tional on its not having started by that date. To 
focus on the main issue of the paper—the in- 
centive by unions to hold out in order to learn 
about their firms’ ability to pay from bargain- 
ing outcomes in other unions—we shall use a 
very simple negotiation game. In this game, 
the firm has private information about its abil- 
ity to pay, and the union makes a take-it-or- 
leave-it offer, to which the firm responds. This 
negotiation game has been analyzed by Drew 
Fudenberg and Jean Tirole (1991), among 
others.* i o 


on 
“roa 


4 In other work (Kuhn and Gu, 1996) we.have mod- | 
elled the effects of information'spillovers across bargain- 
ing pairs in an infinite-horizon model, where the union can 
make any number of offers to the firm. Unlike the current 
example, which is simplified to allow us to endogenize the 
sequencing of negotiations, such a model generates pre- 
dictions about strike duration as well as incidence. To date, 
we have not considered the effects of alternating-offer 
models of bargaining (e.g., Fernandez and Glazer, 1991), 
which are very hard to extend to the case of multiple bar- 
gaining pairs with correlated unobserved shocks. Infor- 
mally, however, since there are potential efficiency gains 
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TABLE 1—JoINT PROBABILITIES OF ‘“GOOD’’ AND 
“BAD”? STATES AT FIRMS 1 AND 2 








Firm 2’s state 
Good Bad 


Firm i’s state 
Good Pii Pi2 gı 
Bad P21 Pz b, 
82 b, 


Formally, the game is described as follows. 
Time is continuous from 0 to T, and the dis- 
count rates for both unions and firms are r. 
First, at (or before) time O (the expiration date 
of the previous contracts), nature determines 
whether the firms are in the good or bad state. 
Their profits gross of labor costs are 7, > 
Tə > 0 in these two states respectively. The 


_ firms know their own states, but the unions do 


not. However, the unions share a common 
prior distribution over the joint probabilities of 
the states in the two firms, which is described 
in Table 1: the probability that firm 1 is in the 
good state, g,, equals the sum of the joint 
probabilities p,, and pi2; b1, b2 and g are de- 
fined analogously. The conditional probabili- 
ties corresponding to Table 1 are: 


(1) P(2G]1G) = py / (Pn + Pn); 
(2) P(2G|1B) = pa / (Pa + Pz); 
(3) P(1G|2G) = pu / (Pu + Pas); 
(4) P(IG|2B) = p2/ (Pu + Pr), 


where 1G indicates a good state in firm 1, etc. 
We assume, without loss of generality, that 
firm 1 is at least as likely to be in the good 
state as firm 2, i.e., 2g; = g.; and we restrict 
our attention to the case of positive correlation 
between the firms’ profits. By definition, the 
two firms’ profits are positively correlated if 
and only if 


to be shared by workers and firms by outwaiting other 
bargaining pairs, one would expect the same factors (e.g., 
number of bargaining pairs) to affect average holdout 
length even in an expanded model which allowed for mul- 
tiple offers, and/or alternating offers. 


(5) P(jG|iG) > g,and P(jB|iB) 


` 
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a m oe A 
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> b, fori + j = 1,2. 





This simply means that after observing th. Bei: 
other firm i to be in the good (bad) state, unio, > & 
j becomes more optimistic ( pessimistic) aboy § =: 
its firm’s.profit and hence updates its prior up. 3%. 
wards (downwards). pa 
After the states of the two firms are deter. $% 
mined, at each instant each union decides F. Es 
whether to make a wage demand, conditiong Ee: 
on its having not made a demand before tha bs 
instant. If a union decides to make a wage de. Ẹ <: 
mand at time t(0 = t = T), it then chooses f ~ 
the magnitude of the wage demand d € [0 Ẹ-:}- 
0), to which the firm responds immediately | 
by accepting or rejecting that wage demand, $ < 
Acceptance means exchange takes place at the Ẹ 
wage demanded by the union, with the union }.~* 
receiving the wage demand d and the firm re- $ -> 
ceiving its profit net of the wage demand for FẸ * 
the remaining period [t, T]; rejection means $ 
both parties get their alternative utility level 
for the remaining period [t, T]; this level is $ 
normalized to zero. During the course of con- Ẹ 
tract negotiations, each union observes whatis Ẹ 
going on in the contract negotiations of the Ẹ 
other bargaining pair. Specifically, it observes p NOL 
whether the other union has already made a | Unit 
demand, whether the firm has accepted, and — Rel: 
the magnitude of the wage settlement if the Ẹ Ploy 
firm has accepted. In choosing its strategy, we f PIS 
assume in this paper that each union acts f Ply. 
purely in its own self-interest. We therefore ¢ | 
abstract from the possibility of meaningful § 4 fr 


2 9 . 
: ante 


collusion between unions or, for example, be- | SP& 
tween locals of the same national union in our ¢ Pac 
formal model.’ >T 


To conclude the specification of the game, mg 
we need to specify the payoffs of both parties ł $ 
for the period from the expiration of the pre- | firm 
vious contracts to the time when unions make į 7! 
a wage demand. That period is defined asa f SD 


5 Kuhn and Gu (1998) explore the effects of union (at hi 
firm) collusion on strikes in a sequential bargaining model wit} 4 Pix 
information spillovers. Empirically, we interpret this paps $ hol 
evidence that holdouts increase with negotiating group size, per 
that this relationship is similar whether we look at bargain £ ch; 


` units in the same or in different national unions (see foto”, | $- < Pr 


2A) as evidence of imperfect collusion among union Jocals.-’. 





(a) Payoff if a Strike Occurs 





(b) Payoff if No Strike Occurs 
Holdout 


Union Payoff w; 


Firm Payoff T! - W; 


during a holdout. 


holdout in Cramton and Tracy (1992). In the 
United States, according to the National Labor 
Relations Act, the terms and conditions of em- 
ployment during holdouts are governed by the 
; previous contract. In Canada, similar laws ap- 
| ply. Therefore, during a holdout, a union is 
, Paid the wage rate in the previous contract and 
| afirm receives its profit net of the wage cost; 
_f Specifically, union 1 is paid w, and union 2 is 
4 : paid Wa. 
`. The payoff flows of both parties in bargain- 
_ Ug pair i (i = 1, 2) are summarized in Figure 
_- I. Note that during the period of a holdout, a 
ns profit w; might be lower than its profit 
Tı In the normal production period after the 
--©Onclusion of contract negotiations. Cramton 
.. and Tracy (1992) give a number of potential 
i. -< Teasons for such inefficiencies: for example, 
<+ Workers may be more likely to ‘‘work to rule”’ 


NS ee anea ee 4 
TH ee eee ee te 













+ A Ain 
Gee ge 


ion (and Bs. :“anng a holdout; potential customers and sup- 
del with fe? =s pliers may be reluctant to deal with firms if a 
y's paper Bo, HOldout signals a greater likelihood of an im- 
arenai. E: Pending strike; and a holdout may delay 
> foomole ~anges in work rules which might increase 
1 locals. 5 Productivity. It is worth noting, however, that 
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Holdout Strike 
SSS E, 
0 t (Time of Strike) T 
Union Payoff W; 0 
= Firm Payoff m? - w; oo 


Settlement 


t (Time of Settlement) Si T 


Ti - d; 


FIGURE 1. UNION AND FIRM PAYOFFS IN BARGAINING PAIR I 


Note: d;i: wage demand by union i. 7: firm i’s profit after a settlement. z; : firm [’s profit 


unlike earlier models, these inefficiencies are 
not required to generate holdouts in the current 
model: positive holdouts will occur here even 
when m; = 1;. 

For the remainder of the paper we shall as- 
sume that wage settlements in the previous 
contracts are lower than the firms’ profit in the 
bad state 7,, 1.e., w; < T, for i = 1, 2. Other- 
wise, if the existing wage settlements are 
greater than the firms’ profits in the bad state 
(w; > x, fori = 1, 2), unions have no incen- 
tive to make a wage demand and conclude 
contract negotiations when they are suffi- 
ciently pessimistic about the firms’ ability to 


pay.‘ 


ê Situations in which w; is consistently less than 7, are 
of course more likely when there is considerable real wage 
growth, and/or considerable inflation in the economy, and 
when nominal wage contracts are of relatively long du- 
ration. Broadly speaking, this was indeed the case for most 
of our sample period. In an expanded model, both firms 
and unions will prefer the likely outcome of a new contract 
to the old one when contract wages have efficiency effects, 
and when evolving economic conditions make old con- 
tract provisions inefficient. 
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An equilibrium of the above game consists 
of unions’ strategies, firms’ strategies, and un- 
ions’ beliefs. A union’s strategy consists of the 
timing and magnitude of its wage demand— 
specifically, at each instant a union decides 
whether to make a wage demand and the mag- 
nitude of its wage demand, conditional on its 
having not done so’before that instant. A firm’s 
strategy is simply its acceptance decision. In a 
perfect Bayesian equilibrium, we must have: 
(1) the strategies of all players are optimal; 
and (2) the unions’ beliefs are consistent with 
Bayes’ law for any possible history of the 
game whenever it is applicable. 

We now proceed to characterize the perfect 
Bayesian equilibrium of the game. We shall 
do so via two steps. First, taking as given the 
timing of both unions’ wage demands, we de- 
rive the unions’ optimal wage demands and 
the firms’ responses (Lemma 1); we then note 
that the game between the two unions in 
choosing the timing of their wage demands is 
a war-of-attrition game. We use this fact to 
determine the timing of the unions’ wage de- 
mands (Propositions 1, 2, and 3). 


LEMMA 1: 


I. Each firm accepts a wage demand if 
and only if it is less than or equal to its 
profit; 

2. If the two unions decide to make wage “4 
mands at the same time t, union i (i = 1, 
2) demands T, if gi > Tol T, (=b), and 
demands T, if g; < b;' 

3. If union i makes a wage demand before un- 
ion j, then union i demands 1, if g; > b 
and T, if g; < b; union j demands 7, if 
p; > b and nm, if p; < b, where p; is the 
posterior belief of union j after observing 
the outcomes in union i. It is calculated as 
follows: p; = g; if the wage settlement in 
union i is tp, p; = P(jG|iG) if the high 
wage settlement 7, is reached without a 
strike in union i; p; = P(jG|iB) if a strike 
occurs in union i. 


"If g= b, union i is indifferent between 7, and rp. 
Throughout the paper we will ignore this borderline 
case. 


PROOF: 
See Appendix A. 














When unions make wage demands T: 
ferent times, unions who make dema ti ae 
later have an opportunity to learn from »: 
outcomes in previous negotiations. As ae? 
monstrated in Kuhn and Gu ( 1996), hend 
portunity to learn from others raises union $ 
utilities and reduces strikes. Intuitively, tig 
follows from the fact that unions’ le 
improves their information about firm § 
ability to pay. Therefore, when two Contrary. k 3 
negotiations proceed simultaneously in af ve piei 
industry, each union has an incentive pë- i Fk 
hold out and let the other union conch, 18y: 
negotiations first, thus learning from ig z ‘pate 
outcomes in the other union. However, h<- zevo 
so doing, the union is paid the existing 
lower wage during the period of holdo% ~ 
and has to delay a possible higher wage sui. 
tlement. Unions trade off the benefit of th¥ <x 
opportunity to learn from others against the” 4 
cost associated with delayed higher wag f- dye 
settlements to decide the timing of heg: $ r Bea 
wage demands. fede 

Propositions 1, 2, and 3 characterize theo: shie 
timal timing and magnitude of the uniow§. Bie 
wage demands in the perfect Bayesian equili Choos 
rium for various values of the two unions’ my : Bakie 
ors g; and 23. a 












PROPOSITION 1: Ifg, < band g, <b, k TAT 
unions demand n, immediately at time 0... 


PROOF: 
See Appendix A. 


In this case where both unions are st 
ciently pessimistic about firms’ ability to pi: z 
they make low wage demands of 7, imm% $ 
ately after the expiration of the previous otf z 
tracts. Both firms will always accept. Neil ® 
holdouts nor strikes occur. 5 


PROPOSITION 2: If g, > b and g, < bi 
the unique perfect Bayesian equilibrium? RES 2 
two unions’ optimal strategies must have ©® j 


>: Se } y ; 
mee ca Se, 
me: Teoh s gi 
ad £ 


following features: 


. 
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Nes F like xM 
I. Union I makes a high wage demand a A E AO te 


at time 0; “ae Boe) 
2. When P(2G|1G) < b, union 2 nal ae: 
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he om inude 2 the demand psd on the out- 


LANN 
% 


Wek -ome in union 1: it demands T, if union I 


nee 'cO 


TE $ Fies not strike and demands n, if union I 
BON strikes. 


hye that Eon > 1 — b and P(2B| 
B) > 1 — b, there exist many perfect Bayes- 
i equilib However, the one equilibrium 







A ‘mands (see also Chamley and ai 1994). 
| Ep ‘Furthermore, as Martin J. Osborne (1985) has 
"wage pei 
f their Ẹ -fès a particular version of trembling-hand per- 

2 fection. In what follows, we shall focus on 
the op- f i : this particular equilibrium only. In this equi- 
anions’ §, qe £ Hbrium, both unions adopt mixed strategies in 
ee | a f choosing the time of their wage demands, and 
ns’ prie § ; Union i makes a wage demand between time t 

4 andr + dt with probability h;(t)dt, conditional 
7 On neither union having made an offer at time 
* fo Thus h,(t) and h (t) are hazard rates for 
‘making the first offer in the industry. 









b, both E i: 
a 






= | PROPOSITION 3: When g, > band g >b, 
1 ! ‘the equilibrium strategies of the two unions 
| ; must have the following features: 












‘to pay, $ a : doy the firms’ profits are highly correlated 
mmedi | Ci Ezrsuch that P(2B|1B) > 1 — b and 
yus CON- f ts 2 P(1B|2B) > 1 — b, union ae wage 
Neither el oe with probability h;(t)dt between 
: „time t and t + dt, conditional on neither 
, E ing made a demand at t, where: 
< b, in si 
“ium the } i: I sor 
have the OP 
i a aÈ maes (1985), an equilibrium is trembling- 
nd oft Reese sag the equilibrium strategies are robust with 


T po athe perturbation of these strategies that incor- 
Aia e of small mistakes that players 


o mw) 
(6) uO ST gm lO- P(2GI1B) | 


l 


x —r(T-1)? 


l-—e 


andi,j€ {1,2},i+#/. 

The union which makes a demand first 
demands T; immediately after that union 
has made a wage demand, the other union ` 
demands 7, if a strike occurs in the pre- 
ceding negotiation, and demands 7, if no 
strike occurs in the preceding negotiation.’ 

2. If the firms’ profits are highly uncorrelated 
such that P(1B\|2B) < 1 b and 
P(2B\|1B) < 1 — b, both unions demand 
T immediately at time Q. 

If the degree of correlation between the 
firms’ profits is in an intermediate range 
such that P(1B|2B) < 1 — b and 
P(2B|1B) > 1 — b, union I demands m, 
at time 0 and union 2 makes a wage de- 
mand immediately afterwards. It demands 
T, if union 1 doesn’t strike and demands T, 
if union l strikes. 


w 


Note by the assumption g, > g2, we have 
P(2B|1B) > P(1B|2B).' 


PROOF: 
See Appendix A. 


One simple prediction of our model follows 
directly from (6). Note that whenever unions 
adopt mixed strategies (i.e., whenever there are 
positive holdouts in the current model), the haz- 
ard rates h, (t) and h(t) are increasing functions 
of time: as time proceeds, the (discounted ) 
benefits of learning from others to obtain high 
wage settlements decrease and thus unions are 
more likely to make wage demands. It is also 


? As mentioned, in this case, there exist many perfect 
Bayesian equilibria. One such equilibrium is as follows: 
union | makes a wage demand at time 0; at each instant, 
union 2 makes a wage demand if and only if the other 
union has made a demand. By the same argument as in 
Osborne (1985), we can show that none of these equilibria 
are trembling-hand perfect because the equilibrium strat- 
egies are not robust with respect to a perturbation of these 
strategies that incorporates the probability of small mis- 
takes that unions may make wage demands at time 0. 


= 
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interesting to note that, in all cases where the 
equilibrium: does not involve randomization, the 
unions either move simultaneously or union 1 
(which has the higher ex ante prior of its firm 
being in the good state ) moves first. This accords 
with the notion in the industrial relations litera- 


` ture that unions “‘target’’ high-profitability firms . 


in an industry first. 

If the firms’ profits are perfectly correlated, 
1.€., Pig = Po, = O in Figure 1, we have the 
following corollary (denote p,, by p: the prob- 
ability that both firms are in the good state). 


COROLLARY 1: Jf the firms’ profits are 
perfectly correlated, the unions’ strategies 
must have the following features: 


1. If p < b, both unions make a low wage 
demand of x, immediately at time Q; 

2. If p > b, conditional on neither union hav- 
ing made a wage demand at t, union i 
makes a wage demand between t and t + 
dt with probability h;(t)dt, where 


r(PT; — Wj) 1 l 
(I= p)m, 1—-e "7-9? 


(7) h(t) = 


ije{l2}hi+j. 


The union which moves first demands 7. 
After a union makes a demand, the other 
union makes a demand immediately after- 
wards: it makes a high wage demand of x, 
if there was no strike in the preceding ne- 
gotiation and makes a low wage demand of 
T, if there was a Strike. 


Ii. Comparative Statics 


In this section we investigate how holdout du- 
rations vary with the parameters of the model, 
in particular the wage settlements in the previous 
contracts and the probability that firms are in the 
good state. For simplicity, we restrict our atten- 
tion to the case where the firms’ profits are per- 
fectly correlated, and to situations where unions 
are sufficiently optimistic about the firms’ profits 
for holdouts to exist in equilibrium (p > b). 


PROPOSITION 4: When p > b: 


l. The higher are the existing wage settle- 
ments, the longer are holdout durations; 
























. The lower is the probability that fina ue 
in the good state, the longer are hoig: 
durations; a l 
3. The longer is the contract duration, k a ; A 
longer are holdout durations. : 


PROOF: 
_See, Appendix A. 


When the wage settlements in the preva 
contracts increase, the cost of delaying w 
settlements decreases, which leads to ie i 
holdouts. Similarly, when unions believe ’j ity 
less likely that firms are in the good state, thsi 
expect lower wage settlements, and the colak 
delaying is then lower. This causes longer hoi} 
out durations. Finally, when contract duran 
increase, the discounted benefit of leami 
from others to obtain higher wage selene 
increases. Unions then have a greater incen T 
to delay wage settlements. 


II. N (N > 2) Bargaining Pairs 


In this section we extend the model in So e iii 
tion II to the case of n (n > 2) bargaining pis 3 
and see how expected holdout durations vile ae 
with the number of bargaining pairs in antg’ s2iof 
dustry. For simplicity, we assume that t ak 
firms’ profits in the n bargaining pairs are peg. en 
fectly correlated. With probability p all n fig . paid: 
are in the good state; and with probability |: 1 i Wy 
p all n firms are in the bad state. As baog. 3 
the firms’ profits gross of labor cost are 7, 8% 

T, in those two states respectively. Finally, © | oa a 
assume that wages in all previous contracts#g- ay 
w. Proposition 5 identifies the unique wt 
metric equilibrium of the game. i 


PROPOSITION 5: In the unique sym iy reseed 
ric perfect Bayesian equilibrium, thet pe oe 

ions’ strategies must nave; the followit® 
features: 


I. If p < b, all n unions make the low ae 
demand of n, immediately at time 0; 3 


f < 
& 
ak . k 
BEREE 


'° As in the case of Proposition 3, there also exist oT ge i ote 
metric equilibria, but these do not satisfy a versi g Bitty 
trembling-hand perfection which is natural for this ¢ ne "Piatu 
(Osborne, 1985). EEES 









ase p> b, conditional on none of the unions 
1 KOCE paying made a demand at t, each union 
RRE- bos a wage demand between time t and 
Szi dt with probability h(t)dt, where 
ph! 


bo (pt, Ww) J 
(8) MO = Gd pme 1-e" 


1 oo 
m= -————— A(t). i 
n-i) (t) 


wage demand T, if there was no strike in 
the preceding negotiation and make the low 


Wage demand 7, if there was a strike. 


one 


' © In equation (8), a higher number of ne- 
gotiations, n, leads to a lower hazard h(t) at 
every instant t E [0, T]. As the number of 
hegotiations in an industry increases, each 
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ing. At the same time, the total number of un- 
ions making offers with probability h(t) dt 
expands at a rate proportional to n. Since the 
former effect dominates the latter [n/(n — 1) 
falls with n], we expect average holdout du- 
ration (which is inversely related to the haz- 
ard) to increase with n, but at a decreasing 
rate.” 

In sum, the model of holdouts proposed in 
this paper-has-at least three novel implications 
stemming from the information externalities 
across bargaining pairs in an industry. First, 
and most directly relevant to the question of 
which factors explain the existence and sever- 
ity of holdouts, average holdout duration 
should increase with the number of bargaining 
pairs negotiating contracts at the same time: 
the more ‘‘peers’’ one can potentially learn 
from by waiting, the greater the incentive to 
delay one’s own negotiations.’? Second, note 
that, at least in the simple models examined in 
this paper (with either only two bargaining 
pairs or perfect correlation of the unobserved 
shock among firms), all the other bargaining 
pairs in the industry end their holdouts im- 
mediately after the first pair has ended theirs. 
Third, note that (because all the relevant in- 
formation is publicly available at that time), 
no strikes ever occur among these ‘‘follow- 
ing’’ bargaining pairs. While we do not expect 
these predictions to be literally true in a more 
complex world, we should still expect to see 
both a ‘“bunching’’ of holdout expirations 
within negotiating groups and a lower rate of 
strike incidence among holdouts which end 
later in a group if information spillovers are 
an. important explanatory factor in union 
bargaining. We test these implications using 
a large sample of contract negotiations in 


U! Another way to understand this result, suggested by 
a referee, is to note, from (8), that indifference between 
making a wage demand now and waiting implies that the 
total ‘‘probability’’ of any other union making an offer, 
(n — 1)h, must be independent of the number of negoti- 
ating units, n. 

'2 Although a greater number of bargaining pairs in- 
creases holdouts in the current model, it may be worth 
noting that, because holdouts occur even when 7; = 7;, 


ist asym’ Wee EIEN N first offer falls at a rate propor- 
osion f Eiee 1/(n — 1), which depends on the 
is content & -Sacsa SOf other unions (n — 1) from whom 
information might be gathered by wait- 
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this does not necessarily entail an efficiency cost. Indeed, 
because strikes are predicted to fall with group size, n, 
raising n will tend to have positive overall efficiency ef- 
fects unless the cost of holdouts is very high. 
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Canadian manufacturing industries in the fol- 
lowing two sections of the paper. 


IV. Data 


-The data used in this paper come from two 
sources: Labour Canada’s Wages File, and 


their Work Stoppages File. Labour Canada’s. 


Wages File provides information on the settle- 
ment, effective, expiry date, and other char- 


acteristics of all Canadian collective 


bargaining contracts involving 500 or more 
workers from 1965 to 1988.'* The Work Stop- 
pages File supplies data on start and end dates 
of strikes for a broader sample of negotiations. 
Combining information from these two 
sources, we define holdouts as the period be- 
tween the expiry date of old contracts and set- 
tlement date of new contracts if no strike 
occurs, or the period between the expiry date 
of old contracts and the time a strike begins if 
a strike occurs. Details of the merging process 
are provided in Alan Harrison (1994) ."* 

In this paper, we focus on holdouts in man- 
ufacturing industries, within which it is pos- 
sible to generate particularly long series of 
negotiations within fairly detailed, consis- 
tently defined industry groups. In total, the 


‘Wages File contains data on 2,888 wage ne- 


gotiations, which comprise 82 three-digit in- 
dustries over this period. After excluding 
industries with fewer than 10 contract negoti- 
ations over the entire period, plus the ‘‘mis- 
cellaneous manufacturing’’ category, we are 
left with 2,747 negotiations in 55 three-digit 
industries as our basic sample for analysis.'° 
Some basic descriptive statistics on our 
sample of negotiations are provided in Table 
2. In Table 2, and in all the following analysis, 
we single out one particular industry—pulp 
and paper mills—for separate treatment, be- 
cause of its very distinct bargaining organi- 
zation, involving a much larger number of 


'’ Some data are actually available for 1964, but cov- 
erage is incomplete. Thus we started our analysis in 1965. 

"4 Harrison’s merging process also removed a small 
number of ‘‘duplicate’’ negotiations, defined as agree- 
ments involving the same firm and same union, with the 
same wage settlement and expiry date, from the data. 

'° The analysis was also performed for all industries, 
and for industries with 20 or more negotiations only,-with 
almost identical results. 




























negotiations occurring simultaneously ha 
any other industry.’ While the pulp and papa Faz 
industry provides a large sample of nhegotig’§ 
tions occurring in very large groups, Separais $ 
examination of this industry (which Const. 
tutes about 14 percent of the negotiations yf 
our sample) ensures that our results are | no 
driven solely by potentially unmeasured diş. $ 
ferences in the characteristics“or the underly.: ake 
ing parameters between pulp and paper mill} i hold 
and all other industries. a 
Together with Appendix Table B1 (see Ap. § ot 
pendix B), which provides more detail on th § Alla 
characteristics of negotiations by industry, Ta $3.54: 
ble 2 shows the following. First, for the periog 
1965—1988 the average dispute (strike and/q. 
holdout) incidence is 85.0 percent and the mea 
(median) dispute duration (conditional on gf. ; 
dispute occurring) is 88.7 (66.6) days. They: 
are considerably higher than those reported by gi! 
Cramton and Tracy (1992) for the Unitiit 
States, which are 57 percent and 65 (37) days § 
respectively, for the period 1970—1989. Seo® 
ondly, holdouts are common, and considerably 
more common than strikes. For the period beg 
tween 1965 to 1988, the incidence of holdout? 
only is 64.0 percent, while the incidence d§'.4= 
holdouts followed by strikes are 16.8 percem pvit 
yielding a total holdout incidence of 80.8 prg yea} 
cent, compared to 21.0 percent for strike f:+z:; 
Third, four of every five [1 — (4.2/21.0)§ 
strikes in Canada began after a holdout, ratha 
than immediately upon contract expiration.: p 
Fourth, as shown in Table B1, there is cot 
siderable variation in holdout incidence af 


other analysts (e.g., John C. Anderson, 1989 p. 212), thou RES 
to our knowledge we are the first to quantify the differi ESS 
between it and other industries. Another distinct featul® 
this industry is the high number of bargaining pairs involi 
locals of the same national union, the Canadian Paperwor™ 
Union. According to our estimates from other nd 
however, the latter feature does not appear to have a sig? 
cant effect on holdout durations (see footnote 24). 2 
"” Seventy-five percent of strikes began after mal 
ing more than 2 days, and 70 percent after holdouts 34 
more than 7 days, compared to 50 and 39 percent, 
tively, for the United States (Cramton and Tracy, 1 at z À 
103). Legislation requiring mandatory conciliation af rer eae 
short ‘cooling off” period before a strike may be at a 20 
responsible for the higher numbers in Canada (Mos Te IAA e Eg 
Gunderson et al., 1989), but the statistics for both T : AK 
cast some doubt on Cramton and Tracy's assumption: Sat 
strikes either occur at contract expiration or not at a S06 a 
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d; Includes only strikes not preceded by a holdout. 
of E> vy g Includes all holdouts. 
ACÈ OF Fis "1 Includes all strikes. 
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z 
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tha MAE oo TABLE 2—DESCRIPTIVE STATISTICS 

aper -EE IAE 
otia ORe: All industries excluding 

pe hS All industries (N = 2747) paper (N = 2375) Paper only (N = 372) 

T Pe Incidence Mean (median) Incidence Mean (median) Incidence Mean (median) 
ns in AA Disputes (percent) duration (days)* (percent) | duration (days)* (percent) duration (days)? 
> Not GR foldouts only’ 64.0 81.6 (61.0) 62.2 72.6 (55.0) 75.3 128.8 (121.0) 

; pox F )Gpikes only? 4.2 58.1 (44.8) 4.8 _ 58.0 (44.8) 03 67.2 (67.2) 

. mills & SPAJ holdouts! 80.8 79.6 (60.0) 78.7 70.7 (54.0) 94.3 126.8 (124.0) 

Foi "Ail strikes" 21.0 52.5 (36.4) 21.3 48.3 (32.2) 19.4 81.7 (67.2) 

l n ke i Ail disputes" 85.0 88.7 (66.6) 83.5 79.0 (60.0) 94.6 143.2 (129.0) 
1, Ta, paaie | 
veriod ) Contract Jen Ace _Percentiles _ 
nd/or -{2:* eharacteristics Mean 10th 90th Mean 10th 90th Mean lOth 90th 

ta + ‘Number of concurrent 

on a §: 229 negotiations? 3.2 1 5 1.4 l 2 14.6 2 25 
These -P:s Contract duration 
ed 2 E= E (months) 27.5 12 36 27.4 12 36 28.4 24 36 
ited By a2 

days, a Number of employees 

Ser. | es 8 covered 1339 500 2180 1377 500 2200 1092 515 1800 
erably e nada Conditional on a dispute occurring. All durations are measured in calendar (not working) days. 
od be $°; A Includes only holdouts not followed by a strike. 


per) are not very different from all other 
industries. Bargaining units are somewhat, but 
not dramatically, smaller in paper, while the 
differences in strike-proneness and contract 
duration are very minor. 

Finally, consider the number of concurrent 
negotiations for each negotiation in our sam- 
ple, which we shall refer to as the size of its 
‘‘negotiating group.” In this paper we define 


ərcent, A Includes holdouts and/or strikes. 
8 per M 3 ia Number of concurrent negotiations in same three-digit industry. 
rikes poes 
21.0 
rather i 
on.” iration across industries. Across three-digit 
Is pe i lustries the incidence of holdouts ranges 
ve ant g ->iirom a high of 100 percent in the paper box 
ae i bag industry to a low of 41.7 percent in 
ae a mmercial printing. The average duration of 
noted. § louts ranges from 145.9 days in miscella- 
. A “A Re0Uus' chemicals to 27.6 in automotive fabric 
a ace sories. In pulp and paper mills, holdout 
volvit | “cence (at 94.3 percent) is considerably 










words §¥- <p e10, and mean holdout duration (at 129 
dusts °° 8¥8) is almost double the average for all other 
à =u. eS, SUSgesting that its larger number of 
lous nt negotiations might indeed be gen- 
its ait Onger and more frequent holdouts. 
it, resp the average contract negotiation cov- 
4 e over 1,300 workers, and the mean 
ce oiik n of negotiated contracts was about 


» with quite a narrow range (20.3 
ths) across three-digit industries. 


negotiating groups as those with the same (cal- 
endar) expiry date for the previous contract 
within the same three-digit industry.'* Table 2 


'8 Much of the analysis was replicated defining all pre- 
vious contracts ending in the same month in the industry 
as concurrent. It was also replicated using two-digit in- 
dustries rather than three-digit industries as the relevant 
industrial context (see an earlier version of this paper, 
available from the authors ). In both cases, the results were 
very similar, though generally weaker in the two-digit in- 
dustry case. 
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TABLE 3—HOLDOUTS AND THE NUMBER OF CONCURRENT NEGOTIATIONS:* RAW DATA aie £, 
All industries 
Number of concurrent negotiations 1 2 3—10 11+ rE aa 
Holdout incidence 78.2 82.3 83.3 98.2 Beas 
(0.9) (2.0) (2.3) (0.9) Patios 
7 Mean holdout duration (days)” 68.8 78.7 108.0 126.5 FES 
(1.8) (4.3) (5.7) (4.5) ea Aton 
All industries excluding paper oe 
Number of concurrent negotiations l a 3-4 5+ ar 
A 
Holdout incidence 78.1 81.8 83.2 73.5 Barer 
(1.0) (2.2) (3.5) (5.4) Ak 
Mean holdout duration (days)? 67.1 76.3 92.5 108.7 
(1.7) (4.3) (7.5) (13.2) 
Paper only 
Number of concurrent negotiations 1-4 5—20 21—22 23+ 
Holdout incidence 88.5 93.5 98.1 97.3 Aree 
(3.3) (2.5) (1.3) (1.9) "Table 
Mean holdout duration (days)? 138.8 107.2 146.1 108.2 
(10.4) (9.1) (7.2) (6.3) 


Notes: Standard errors in parentheses. 
* Within three-digit industries. 
° Conditional on a holdout occurring. 


indicates that the average negotiation took 
place in a group of 3.2 members; however, this 
varies considerably, with 10 percent having 
five or more concurrent negotiations. As men- 
tioned, there is a dramatic difference in the 
number of concurrent negotiations between 
paper mills and all other industries, with a 
mean of 14.6 in paper, and 1.4 outside it (most 
negotiations occur ‘‘on their own’’ outside the 
pulp and paper mills sector). Despite this, as 
we shall see, there is ample variation in the 
number of concurrent negotiations both inside 
and outside paper from which to identify the 
effects of information spillovers in bargaining 
and test our model’s implications. 


V. Empirical Analysis 
A. Raw Correlations 
Some raw empirical correlations relevant to 


the three main hypotheses examined in this pa- 
per are presented in Tables 3 through 5, re- 
















spectively. Table 3 focuses on the relating A 
between the number of concurrent negotii: 
tions and the incidence and duration of holtf 
outs. Strikingly, when all industries 3 
considered together, both holdout inciden 
and duration are monotonically increasiff 
with the number of concurrent negotiatio®s 
within the same three-digit industry, as Ë$ 
dicted by a ‘‘waiting game’’ model of holt § ri 
outs. Overall, mean holdout duration rang 
from about 70 days when there is only 7 op 
negotiation expiring at a time, to 126 
when there are 11 or more. When paper # 
other industries are considered crt 
similar monotonic pattern is observed 
holdout duration outside paper, and for 4 ie 
out incidence in the pulp and paper indust: 
though the other two series are noisier. Be 
ing in mind that these figures do not co? 
for a number of potentially important 4%% 
minants of holdouts, including for example 
dustry effects outside of the paper’ in 

and considerable observable heterogeneity” ; 










O and | 1 and 2 2 and 3 











+ % 
45.1 35.4 27.8 
7 (3.5) (3.3) (5.0) 
42.3 34.4 27.6 
. (3.7) (3.6) (5.7) 
57.8 ` 38:1 28.1 
(9.6) (8.7) (9.2) 
* No observations. 
_ f- other dimensions within pulp and paper mills, 
x “FSWe see them as providing some prima facie 
_ HecFpupport for our ‘‘waiting game’ model of 
"£7 holdouts.” 
tzt Table 4 focuses on the ‘‘bunching’’ of 
‘holdout expirations, or more precisely on the 
icvldea that holdouts should be more likely to 
ead once other holdouts in the industry have 
%. ended. It examines this issue by comparing 
: the mean duration of the shortest holdout in 
f- the group to the mean elapsed time between 
f£- the end of the first and second holdout, sec- 
v “ond and third, and so on.”° (If the hazard for 
,.. holdouts were constant and independent 
relation }¥- . cross bargaining pairs within a group these 
negotia $-  idùrations should all be the same.) Again, a 
of hold: £: :Very. suggestive pattern of shrinking delay 
ries are Lc ‘between successive holdouts is found in the 
_ acidence $e ‘aggregate data: while the mean length of the 
* sreasing po first holdout in a group is about 45 days, the 
otiations f°" ` 84 between the fifth and sixth, or sixth and 
, as pre Ẹ 38e venth shrinks to about 14 days. As before, 
of holé fs SE 
n ranges f eS 2° 
only on ph: ee 
26 days k ; TIEF speaking, our model predicts there should be 
aper and È=.. atig when only one bargaining pair is negotiating 
P ERN - The fact that we apparently observe holdouts in 
rately, 4 } cea Caes Could be due, in part, to unions’ waiting for 
rved fof haara amation from sources not measured here, including 
for holé beeen with different expiration dates, in other indus- 
industty, B= Mor pea publicly released’ statistical information. 
o Boggs, Srncrally, of course, factors other than information 
ier. Beat ; Bee could also be causing holdouts; our intention 
t CONT Be ay pea 1S not to argue that information externalities 
ant detet. iS yaan Y cause of holdouts, only an important one. 
“ample ipe § sosatie Sample in Table 4 restricts attention to negoti- 
‘éadc crwth more than one member. Ties (holdouts 


indust}: ‘Fay n Sal same calendar day) are ranked randomly. 


3x zero duration are included. 


ae 


Days between holdouts ranked: ` 
3 and 4 
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22.0 28.8 12.7 160 8.0 
(5.7) (7.2) (3.9) (9.1) (3.6) 
33.3 41.1 21.0 —? —? 
(9.6) (124) (10.5) = o 
73 20.8 10.8.. 16.0 8.0 
(2.2) (8.6) (4.2) 9.1) (3.6) 


“Table excludes negotiation groups with only one member. Standard errors in parentheses. 


the trends are noisier when the sample is bro- 
ken down between paper and all other in- 
dustries, especially outside paper where 
relatively few higher-order holdouts are ob- 
served. This pattern of declining ‘‘mar- 
ginal’’ durations could, of course, be 
generated by either an increasing hazard rate 
for individual holdouts or nonindependence 
between the respective holdout durations 
(both of which are consistent with our 
model). In what follows, however, we will 
estimate hazard models which isolate the lat- 
ter effect from the former. 

Table 5 considers the question of whether, 
because information is better for ‘‘followers’”’ 
than ‘‘leaders,’’ fewer strikes occur among 
those holdouts which end later in a negotiating 
group.”' Although the differences are rela- 
tively small, it shows that strikes are indeed 
more common outcomes of those holdouts 
which end first in a group, as expected from 
the information-spillovers model of bargain- 
ing set out in this paper. 


B. Hazard Models of Holdout Durations 


Of course, while suggestive, the raw corre- 
lations in Tables 3—5 could be caused by a 
number of factors other than those suggested 
by the information-spillover model of hold- 
outs, including, for example, differences in the 


2! The relative rarity of strikes forces us to combine all 
“followers” into a single group here, rather than consid- 
ering higher-order ranks separately, as in the previous 
table. 
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TABLE 5—FRACTION OF HOLDOUTS ENDING IN STRIKES: 
“FIRST”? HOLDOUTS VERSUS OTHERS IN 
A NEGOTIATING GROUP 





‘First’ holdouts Others 

(a) Whole sample 0.220 0.171 
(0.023) (0.017) 

(b) Excluding: paper- 0.220 - 0.142 
(0.026) (0.022) 

(c) Paper only 0.224 0.198 
(0.051) (0.024) 


Notes: Table excludes negotiation groups with only one 


member. Exact binomial standard errors in parentheses. 


institutions of bargaining across industries, 
business cycle conditions, and various char- 
acteristics of the bargaining pairs themselves. 
To control for these factors, and to obtain more 
precise estimates of the effects of the key vari- 
ables under study here, we conduct two 
regression analyses. The first is a Cox propor- 
tional hazard model of holdout durations, 
which is used to assess the impact of the num- 
ber of bargaining pairs on holdout durations, 
as well as the bunching of holdout durations. 
In the following subsection we conduct a 
probit analysis of how holdouts end, to assess 
the effect of being a “‘follower’’ on the prob- 
ability a given holdout ends in a strike. 

Table 6 presents the coefficient estimates 
from a Cox proportional hazard model of hold- 
out durations.** As is well known, in this 
model the hazard for ending the holdout in 
contract negotiation i at time f is given by 


(10) H; (t) = ef% H(t), 


*° Because it uses only the information on the ranking 
of durations, the Cox partial likelihood model used here 
(unlike, for example, Weibull duration models) encoun- 
ters no special problems with zero durations. It does, how- 
ever, impose the same (proportional) effects of the 
coefficients on the hazard at zero as at all other durations. 
As informal tests of this restriction, we estimated probit 
models of holdout incidence, and two-stage Heckit models 
of log durations. The probit incidence models gave coef- 
ficient estimates which are broadly similar in sign and sig- 
nificance to the duration results presented here, though 
generally less significant; the Heckit- models gave very 
similar results, in size and significance, to OLS models of 
log durations. We also estimated the current Cox model 
on.the sample of positive holdouts only, with very similar 
results to those reported here. 


‘ration as well. Finally, our model for ME 2. 


































where H(t) is the baseline hazard at t ty Pees 
is a (potentially time-dependent) vector of ol A fas 
planatory variables for contract negotiation $ | 
and £ is a vector of parameters to be estima f ad 
As is also well known, this specification į PE 
that the explanatory variables influence the g ee a 
of the hazard rate, but not the form of its cena E her of 
dence on time. In the Cox partial likelihoods Renes: 
proach to estimation which we adopt here, jf 
baseline hazard H(t) is allowed to be fully fag ’ 
ible, but is not estimated directly. 
Aside from the number of concurrent ¢ te 
gotiations in each negotiation’s industry, $ 
served covariates for which we are able g& 
control in Table 6 include the length of i 
contract being negotiated, the monthly indà 
of industrial production, the logarithm of 
number of workers in the bargaining unit, J$ <c: 
dummies for months and 25 dummies fo enh 
years during which previous contracts expire HELARI 
and dummies for regions and industries, a 
Contract length is included because our mo% 
predicts holdouts should be longer when's $ pe 
longer contract is being negotiated. ThE’ asiuie 
monthly index of industrial production (#()223 
seasonalized and detrended) is designed tE; 
capture any cyclical factors affecting holda? ara: 
durations. This variable is constructed as t$ f. BOSSIDI 
residuals from a regression of a 12- monty Sa co 
moving average of the logarithm of the indiğ 5 Struct 
of industrial production on a cubic spline s#: ‘tale for for | 
time [see Harrison and Mark Stewart (198 
for details]. The size of a bargaining uniti 
included because of its documented impact 
strikes (Harrison and Stewart, 1993) and hh 38 
possibility of a similar effect on holdout 4 A An 


rip e a 


vidual holdout durations also includes fe HEN = 
time-varying covariate equal to the numbetl } tel $ 
other holdouts that have already ended i1 Ug. 
negotiation’s ‘‘negotiating group.” The 
ficient on this variable should captif 
whether—controlling for a number of oF 


** To preserve degrees of freedom, in the regres; Seo" 
for pulp and paper mills only, the year dummies weri Ç i: iai 
placed by a fifth-order polynomial in time. Month ®=. A Yona aa 
mies were dropped as well. This is because 4 ae ad DeD s 
majority of the ‘‘synchronized’’ contracts expired i Ye oe 
same month, making it impossible to distinguish W- gSz 
fects of negotiating synchronously from seasonal 0% Ne hee 
The group size coefficients for pulp and paper sho te es NPS a 
interpreted accordingly. eg FS. TR 
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All industries All industries excluding 
ett Paper only 
ae | (1) (2) (3) (4) (5) 
i Number of concurrent negotiations ~0.088 —0.058 —0.310 —0.226 —0.035 
po (—12.97) (—6.89) (—8.22) (~5.11) (~3.59) 
he cement dueation ~0.015 -0.023 —0.015 —0.024 —0.030 
A — ma. (=6.00) .. .(—8.39), (—5.53) (—7.97) (~3.30) _ 
F: Lag of number of employees 0.132 0.099 0.143 ' 0.128 0.242 
pica: (4.39) (2.82) (4.51) (3.35) (2.23) 
der of industrial production —4.32 -3.39 ~2.64 ~2.34 — 1.84 
— (—3.64) (—2.75) (—2.09) (~1.79) (—1.43) 
| Number of other holdouts already ended 0.127 0.113 0.618 0.575 0.082 
a (13.03) (11.64) (11.63) (10.59) (6.12) 
: l. Industry dummies no yes no yes no 
Log likelihood ~18724.79 1860139  ~—15930.82  --15825.4 ~1784.81 
ss if ae 





















possible determinants of holdouts, as well as 
for a common, but flexible, baseline hazard 
. Structure across all negotiations—the hazard 

. fate for holdout expirations rises after another 
holdout has ended in its negotiating group. 

In all samples and specifications considered, 
the coefficient estimates in Table 6 strongly 
= Support the implication of our model that the 
+. number of concurrent negotiations is posi- 
i. tively related to expected holdout durations. 
$- (More negotiations reduce the log hazard, 
f Which in turn raises durations.)”4 Not surpris- 
f. ingly, the estimated effect of negotiating group 
size tends to be smaller and less significant 


‘fF 


z4 
ae In some other specifications (not reported) we dis- 
E nn te the number of concurrent negotiations into 
vO ving the Same union, and those involving an- 
A Dial was done to account for the possibility 
E teiro apie locals of the same union might develop 
k- Ment) to solve Ea (for example, a rotating arrange- 
E- coefficients datk e information externality problem. The 
A other union, a Paes of negotiations in the same and 
E tog that nacht AG owever, remarkably similar, suggest- 
E tations ia on among locals in the timing of nego- 
€. boldont y not be an important factor in determining 
out durations, 3 


eT eats 4 ge” 


Y- 
H fy hi sf ¢ 





H Notes: All regressions, except those for paper mills only, include 4 dummies for 5 regions (Ontario, Quebec, BC, Maritime, 

‘and Prairies), 11 dummies for months, and 25 dummies for years during which previous contracts expired. ‘‘Paper only’’ 
fegressions exclude month dummies and use a fifth-order polynomial in time in place of year dummies. Asymptotic t- 
ftatistics are in parentheses. Number of concurrent negotiations are measured at the beginning of the negotiation period. 


when industry dummies are included— 
indicating that some of the identification 
comes from the cross-industry variation in bar- 
gaining structure—but remains highly signif- 
icant in all specifications.” Somewhat more 
surprisingly, the effect of group size is consid- 
erably larger in magnitude outside the pulp 
and paper industry than inside it: loosely 
speaking, outside the paper industry, adding 
one member to the negotiation group reduces 
the chances of a holdout ending at any instant 
by 20—30 percent. In pulp and paper mills the 
effect is about 3'/, percent, with an average 
effect when all industries are combined of 6— 
9 percent. We conclude that: (a) there is a 
positive effect of negotiation group size on 
holdout durations, as predicted by our model; 
and (b) this effect is however much smaller in 
pulp and paper mills than in other industries, 
likely because of a number of peculiarities 


3 Essentially, the specifications with industry dummies 
identify the effects of group size by comparing unions 
whose previous contracts expire synchronously with other 
unions in their industry to unions in the same industry who 
negotiate asynchronously. 
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associated with that industry, including the 
much larger negotiation group size observed 
there.” 

The coefficient on the duration of contracts in 
all columns of Table 6 is always negative and 
statistically significant, indicating that longer 
contracts give rise to longer holdouts, as is pre- 
dicted by Proposition 4. The similarly - robust 
positive and statistically significant coefficient 
on the size of a bargaining unit suggests that 
holdouts are shorter in larger bargaining units. 
The coefficient on the index of industrial pro- 
duction is negative but generally insignificant, 


providing some weak support for the notion that, . 


unlike strike durations, holdout durations are 
procyclical (Harrison and Stewart, 1989). Fi- 
nally, the positive and highly significant coeffi- 
cient on the number of other holdouts already 
ended in the industry provides very strong evi- 
dence that holdouts are more likely to end once 
another holdout has ended in the industry, as is 
predicted by the “‘information spillover” hy- 
pothesis and suggested by Table 4. Again, the 
estimated magnitudes of these effects are much 
smaller in the paper industry than elsewhere: 
having one more holdout end in your industry 
raises the (instantaneous) probability of your 
holdout ending by about 60 percent outside pa- 
per, and by only about 8 percent in pulp and 
paper mills. Table 6 of course reinforces the re- 
sults of Table 4 by showing that the apparent 
dependence of higher-order holdouts on earlier 
ones persists when we control for a number of 
covariates including industry fixed effects, and 
when we allow for a fully flexible baseline haz- 
ard common to all holdouts. 


C. How Holdouts End: Probit Models 


To determine whether holdouts which end 
later are less likely to end in strikes, as pre- 


% One potential explanation of the smaller marginal effect 
of group size in the paper industry is of course nonlinearity 
in the effects of group size itself [recall, from (9), that our 
model predicts a diminishing marginal effect of group size 
on the hazard]. When we added group size squared to the 
specifications in Table 6, however, it was never significant. 
In some cases adding the squared term even made the linear 
term insignificant, even though joint tests of the linear and 
squared terms always indicated a very high degree of signif- 
_ icance. We conclude that there is insufficient information in 
the current data to make accurate inferences about the func- 
tional form of the group size-hazard relationship. 


dicted by the information externalities in oy, 
model, we estimated a probit model in which 


the dependent variable equals 1 if a holdoy $“ 
ends in a strike and equals 0 if a holdout ends §. 


in a settlement.” In our analysis, the effect of 
negotiating later in a group is measured by ą 


“follower” dummy variable, which distin. | 


guishes those holdouts which are first to end Ẹ 
in a negotiating group from others. Other co- ` f 
variates are the same as were used in Table 6, | 

Coefficient estimates from the “‘strike” § 


probits are reported in Table 7. According to 


Table 7, unions appear more willing to go on l 


strike when negotiating longer agreements, 


and when their agreements involve a larger | 


number of workers. Business conditions do 


not appear to play a significant role in strike | 


incidence. Further, as expected from our } 


Te 
ofa ley Y 7 of 
sta er 


model, holdouts which end later are less likely { 


to end in a strike, at least outside the paper § 


industry, although the effects are not as sig- § 


nificant as those for the hypotheses examined f 
in Table 6. Finally, and interestingly, there is | 
also some weak evidence that, controlling for } 


whether one is a “‘follower’’ in negotiations | 


or not, larger negotiating groups are more 
prone to strikes. This 1s an issue on which our 
model is silent (the only effect of bargaining 
unit structure on strikes in our model is one 
which works through the presence of ‘‘follow- 
ers’? with access to better information), and 
potentially worthy of further exploration. 


VI. Conclusion - 


In this paper we propose a new explanation }. 
of the most common form of labor contract dis- § 
putes: holdouts. Unlike previous models, ou! 5 
model focuses on the information externality $ 
which arises among unions and firms in the samé {| 


a 


industry. Holdouts are modeled as a delaying | 


tactic, employed by unions to obtain informatio? } 


” An alternative way to address this question would © : 


to estimate a competing hazard model of holdouts, wi 


strikes and settlements as alternative destinations, then sir $ 


ulate out the expected relative fractions ending in stik% 


after different histories in the negotiating group, togeth™ ¥ 


with their standard errors. As all of the holdout durations # 
our data are complete, this approach——a principal adva 
tage of which is its ability to handle incomplete spells 
seems to be an excessively cumbersome, and not obvious . 
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TABLE 7—How HoLpourTs END: PROBIT MODELS OF THE PROBABILITY OF ENDING IN A STRIKE 


tte 
Li 
ào 
¢ + 
h an 
> 
A 
: 
A 
t 
' 
‘ 
t 
' 


i _ All industries All industries excluding 
| E - ‘Paper only 
(1) (2) (3) (4) (5) 
Number of concurrent negotiations 0.016 0.023 0.040 0.106 0.002 
` (2.04) (2.08) (0.96) (2.08) (0.13) 
- Agreement duration 0.035 0.030 0.032 0.027 0.078 
ee as eg (8.90) (7.20) (7.71) (5.87) (4.84) 
Log of number of employees 0.197 0.118 0.236 0.169 —0.327 
(4.84) (2.44) (5.48) (3.29) (—1.83) 
Index of industrial production 0.675 1.26 0.507 0.895 1.90. 
C x (0.34) (0.61) (0.24) (0.41) (0.88) 
“Follower” dummy’ —0.297 —0.182 | —0.441 —0.341 0.060 
(—2.80) (—1.61) (—3.06) (—2.42) (0.13) 
|- Industry dummies no yes no yes no 
__ Log likelihood = 1299.7 =1232.2 ~ 1135.8 ~1070.2 —153.4 
Sample size 2747 2747 2315 2375 362° 
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Notes: Dependent variable = 1 if a holdout ends in a strike; = 0 if a holdout ends in a settlement. All regressions include 
4 dummies for 5 regions. All regressions except those for paper only (column 5) include 11 dummies for months, and 
25 dummies for years in which the previous contract expired. Paper only regressions include a fifth-order polynomial in 
time, and no month dummies. Asymptotic f-statistics are in parentheses. 
* The “‘follower’’ dummy equals one if a holdout has ended within the current negotiation’s group, and zero otherwise. 
° Ten observations in prairie region had to be dropped because they predict failure perfectly. 


from bargaining outcomes of other unions in 
their industry. A main implication of the model, 
on which previous models of holdouts are silent, 
is the following: as the number of negotiations 
in the model expands, unions have a greater in- 
centive to delay their wage settlements in order 
to learn from the outcomes of other negotiations, 
generating longer holdouts. We test this impli- 
Cation using a large sample of contract negotia- 
- fons in Canadian manufacturing industries from 
1965-1988, with encouraging results. Other 
predictions of the model which are confirmed by 
the data are: (i) holdout durations are 
bunched” within industries (once one holdout 
ended, others are more likely to end also); 
and (ii) holdouts which end later in a ‘ ‘negoti- 
ating group” are less likely to end in strikes. 
_ While we view our empirical results in this 
ca more as suggestive than as conclusive 
ence in favor of the model presented here, 
while we see that model as complemen- 
Ic age than competing with existing mod- 
io holdouts (e.g., Cramton and Tracy, 
<74), we do see an important lesson emerg- 
from the model’s consistency with the ev- 


ten, 
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nh 
uw f 
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idence. In particular, we believe that these 
results strongly suggest that future work on 
wage negotiations and strikes can gain by pay- 
ing closer attention to the process of infor- 
mation spillovers across bargaining pairs, and 
more broadly to the context of other negotia- 
tions in the industry. Unfortunately, despite its 
key role in the industrial relations literature, 
and despite its potential importance in explain- 
ing both intranational and cross-national dif- 
ferences in the performance of industrial 
relations systems, this context has been largely 
neglected in economists’ analyses of strikes 
and other bargaining disputes to date. 


APPENDIX A: PROOFS 


PROOF OF LEMMA 1: 

1. This results immediately from the fact 
that each union’s offer, once made, is a take- 
it-or-leave-it offer. 

2.. If the two unions make wage demands 
simultaneously, neither union has a previous 


. negotiation from which to acquire any infor- 


mation. The optimal wage demand depends on 


aay 
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the value of each union’s prior about its firm’s 
state. Specifically, union i makes a ‘‘high’’ 
wage demand of z, if g; > b, and makes a low 
wage demand 7; if g; < b. 

3. If union i makes a wage demand before 
union j, union 7’s optimal wage demand will be 


-exactly the same. as. in point 2 above: it has no 


previous negotiation from which to acquire any 
information. Union j’s optimal wage demand, 
however, now depends on what it observes from 
the preceding negotiations, since this affects its 
optimally updated prior, p,, that firm j is in the 
good state. Specifically, union j demands 7, if 
p; > b and 7, if p; < b. Union j’s posterior in 
each of the three possible outcomes of the pre- 
ceding negotiations is calculated as follows: 


(1) Low wage settlement (n, ) in union i. When 
g; < b, union 7 makes a low wage demand 
of 7,, which firm i will always accept. Un- 
ion j clearly leams nothing from the out- 
come of the previous negotiations. Its 
posterior 1s the same as its prior p; = g; 

(11) High wage settlement (1, ) without a strike 
in union i. When g; > b, union i makes a 
high wage demand of 7,. If firm i accepts 
this demand, it must be in the good state. 
Union j’s updated prior that firm j is in the 
good state is then p; = P(jG|iG). 

(ii) Strike in union i. When g; > b, union i 
makes a high wage demand of 7. If firm 
i rejects this wage demand and a strike 
ensues, it must be in the bad state. Union 
j’s updated prior that firm j is in the good 
state is then p; = P(jG|iB). 


PROOF OF PROPOSITION 1: 

Suppose that union i (i = 1, 2) makes a wage 
demand at time ¢ € [0, T]. If union i makes a 
wage demand before or at the same time as the 
other union j, it makes a low wage demand of 
Ta, Since its prior is p < b; if union i makes a 
wage demand after the other union j, it observes 
a low wage settlement of v, in union j. It clearly 
learns nothing from the outcomes of previous 
negotiations. Its updated prior is p < b and its 
optimal wage demand is then 7,. Therefore un- 
ion 7 will always make a low wage demand of 
Ka, no matter when the other union makes a 
wage demand. Union ?’s expected payoff is: 


t T - 
(A1) f wera f tpe "dt. 
0 


t 
















It is a dominant strategy for union i to na singe 
a low wage demand of r, at time 0, sin ; 
w; < T, by assumption. on 
PROOF OF PROPOSITION 2: = WRO 
Suppose union 1 makes a wage demand Ti: ais, J 
t € [0, T]. By Lemma 1, union 1 makes a hig g 7 
wage demand of m, no matter when union IR E7 S 
makes a demand. Union 1’s expected payottis] d makes a 


. T 
(A2) “me dt + f gim,e " dt. 


Union 1 maximizes its expected Payot j 
making a high wage demand of 7, at ti 
SINCE gT; > Wy. 

Given union 1 makes a high demand mi Tek asf 
time 0, union 2 chooses a time to make a deme he GI) 
in order to maximize its expected payoff. Iwg Sa Supp 
ion 2 chooses time 0 to make a wage demit TR,V: i 
it demands 7, and gets the —— Payot f ability 


. fae 
(A3) | mye~" dt. A ise 


0 EF- - Bip thal ed 
E o o vee 
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If union 2 chooses time t > 0 to make ad aiig 
mand, i.e., makes a demand after union 1, unieg. i Make: 
2’s optimal wage demand depends upon whalig’ tt, its 
observes in the | preceding negotiations. If uig l “eB By 
1 strikes, firm 1 must be in the bad state, umitg> 4 > 
2’s updated prior that firm 2 is in the good së ay , 
is then p, = P(2G|1B) < g, < b. Its optime: Epei 
strategy is of course simply to demand maig 2.3.7 
union 1 does not strike, firm 1 must be in T ; et 
good state, and union 2’s updated prior is % 
pa = P(2G|1G). Union 2 makes a high W 
demand of 7, if and only if P(2G|1G) > ie 

To summarize, when union 2 chooses t 2% fey 
to make a wage demand, its expected payo -fro 


fe 3 5 ee MU 

t T p Fa Gr 

(A4) I me” dt + | Te" dt 4 a : g 
ý i N: E 

if P(2G|1G) < b, and it is 


(A5) f w€" dt 
0 


T 
+| { g,P(2G|1G)z, 


= 


+ (1-g:)m,} e~” ae 


- 





a) 
eer. 
+ 
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bre p(2G|1G) >b. 
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E<pROOF OF PROPOSITION 3: 
t1, If union i is the first to make a wage de- 
Fand, it makes a high wage demand of 7; if 
inion 2 È; gnion i is the second to make a demand, it 
f -makes a high wage demand of 7, if there was 
no strike in the preceding negotiation between 
union j and firm j, and makes a low wage de- 
mand of 7, if there was a strike. This follows 
directly from union i’s updated prior p;: if 
there was a strike in the preceding negotiation, 
its updated prior that firm i is in the good state 
isp, = P(iG| jG) > gi > b; otherwise if there 




























m maraa be 
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of m,a { was no: strike, its updated prior is p; = 
‘demand $- P(iG|jB) = 1 — P(iB| jB) < b. 
ff. Ifun Ẹ . Suppose that in a mixed strategy equilib- 
demand, € rium, union i makes a wage demand with prob- 
yoff ability h;(t)dt between t and t + dt, 
conditional on neither having made a demand. 
In equilibrium, each union must be indifferent 
between making a demand and not making a 
- demand at time t. Conditional on neither union 
ike ade- f having made a wage demand at time z, if union 
1, union | $ makes the optimal high wage demand of r, 
n whati { att, its expected payoff is 
If union | 
ite, union Ẹ F -t __ rT 
ood state (A6) ll Bine ” dt = Ein g eee , 
s optima fo. r 
nd mii fe 
be in the Ẹ : If union i waits until time ż + dt, it is paid the 
or is thea. Wage w;. However, with probability h,(t)dt, 
igh wag £. the other union j makes a wage demand during 
>b. f h short interval of time. In this case, union 
ses 1 > 0p F Makes an optimal demand right after union j 
payoff is #...28d from then on gets 
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be willing to make an optimal wage demand 
T, and from time ¢ + dt on it now gets 


T 
(A8) gine" dt 
ttdi ` 
R et dr) Ec. ew 
== gin 
iiig r 


Union i is indifferent between making a ` 
wage demand and waiting until ¢ + dt if and 
only if 


—rt —rT 


e 
(A9) git, 


=e "w; dt 


+ h(t)at[ g,PGG|jG)n, + (1 — 9) 5] 


e+ dt) 2 et 
x 
r 
ert dr) = eut 
OO) Saas 


Rearranging the above the. equation, 


(A10) (g;7, — wi)e "dt 


= h(Ðdt{ gP(iG| jG)r, 


+ (1 — g;)Ts — git, } 


e —r(t+dt) __ e —=rT 


X 
r 


The right-hand side of the equation is the ben- 

efit from the opportunity to learn from others, 

and the left-hand side is the cost associated 

with the delayed higher wage settlement. A 

union trades off the benefit against the cost to 

determine when to make a wage demand. 
Solving (A10) as dt ~ 0, we have 


ere fy ts 
(A11) A(t) = (1~—g,)7,[5 — P(iG| jB)] 
l 


—r(T—1)? 


aor forj = 1, 2. 
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2. Suppose union 7 (i = 1, 2) makes a 
wage demand at time t. When the firms’ 
profits are highly uncorrelated such that 
P(1B|2B) < 1 — band P(2B|1B) <1 - 
b, union i makes a high wage demand of z, 
no matter when the other union j makes a 
demand and what the. outcomes in the pre- 
ceding negotiations are. To see this, note 
that when union i makes a wage demand be- 
fore or at the same time as union /, it makes 
a high wage demand of 7, since its prior 
g; > b. When union i makes a demand after 
union j made the optimal wage demand Ts» 
its updated prior is p; = P(iG| jG) > g; > 
b if firm j accepts and it is p; = P(iG| 
jB) = 1 — P(iB| jB) > b if firm j rejects. 
Thus union 7’s updated prior is greater than 
b no matter.what the outcomes in the pre- 
ceding negotiation are and its optimal strat- 
egy is of course simply to make a high wage 
demand of z,. | 

When union i chooses time ¢ to make a wage 
demand, it will always demand r, from the 
above argument and thus gets 


t T 
(A12) | wie™dt+ Í gine ™" dt. 
0 r 


It chooses time 0 to make the high wage de- 
mand of 7, to maximize its expected payoff. 
Similarly we can show that union j will also 
make a high wage demand of m, immediately 
at time 0. 

3. By a similar argument as in point 2 
above, in equilibrium union 1 will always 
make a high wage demand of 7, at time 0. 
Given union 1’s strategy, if union 2 chooses 
time 0 to make a demand, it will demand 7, 
and get 


T 
(A13) l gone" dt. 
0 


If union 2 chooses time t > 0 to make a de- 
mand and union 1 does not strike, its updated 
prior is p) = P(2G|1G) > b and its optimal 
strategy is to demand 7,. If union 2 moves 
at t > 0 and union 1 strikes, its updated prior 
is p2 = P(2G|1B)<b and its optimal strat- 
egy is to demand 7. Union 2 thus expects to 
get 


t 
(A14) Í we" dt 
0 


T 
=f [ g,P(2G|1G)z, 









+ (1 — g1) 7] ad dt. 


From (A13) and (A14), we can see ta 
2 will choose to make a wage demand idf.: 
after union 1 to maximize its payor: 


PROOF OF PROPOSITION 4: fo anions 
1. At time ż, the hazard that holdogs LF 8 


end is h(t) + h(t). From Corollary 1, g 72 
nave qo 
(A15) Alh (t) + h(t) ] / Ow, ae 
= O[h,(t) + h(t) ] / Ow, pe 
ee a Seer l 1. HE coc 
—r(T-1) SU. 

ll i Ee f oik 

Therefore, higher wage settlements lead tg - 103 Fr: 
lower hazards and longer holdouts. $. iiD 
2. Itis easy to verify that Fh 
107 Ba 

(A16) O[h,(t) + h(t) ] / Op PM 


_ (2pm, -W — w2) l 
(1 -py T, 


>0. 


A higher p leads to a higher hazard rates sa. Ai : ' 
thus a shorter holdout. F 9 Mi 
3. Differentiating with respect to T yo a 


(A17) lhk (t) + b(t) ] / OT 


= r(2pr, — WwW, Wa) 
(1 —p)m, 


(—r)e T» 


[1 = gee < 0. 
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A longer contract duration thus leads: D S 4 
longer holdout. | A 
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$ i SOF OF PROPOSITION 5: 

wa TEThis follows immediately from a sim- 
Sa argument to that in.the proof of Propo- 

ie 

a: i, ae be proot 1S strictly parallel to part 1 
+ it FF proposition 3, based on indifference be- 
ween making an offer at times ¢ and t + dt. 
Ta particular, the payoff to making an offer 


ediately is given by equation-¢A6), sub- 
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p)t,] for [g,PCiG| 7G)x, + (1 — g,)m]. 
The payoff to waiting if no other union 
makes an offer in the interval is given by 
(A8), again substituting p for g;. The prob- 
ability of any other union making an offer in 
the interval t + dt is (n — 1)h(t)dt. Indif- 
ference between making a demand today and 
waiting implies: 


=- * -r 


47.2 


miog; the firms now have the 
Tight fis ae - being in the good state). (A20) AC) = aot. 
se p)™, 
TEE The payoff to waiting, if any one of the other 
Fz üpionė makes a wage demand in the interval 1 
jou ! Edt, i is given by (A7), substituting (again TOT: 
l, a because of perfect correlation) [pr, + (1 — 
we APPENDIX B: DATA 
TABLE B]-—SUMMARY STATISTICS: THREE-DiGIT MANUFACTURING INDUSTRIES 
po: (percent) (days) Mean Mean Mean 
_§ 5 Number of —=————— —————— unit contract negotiating 
-< Of $ : A industry observations Strike* Holdout” Strike Holdout size? lengthf goup size 
¥ T ‘MeavPoultry 76 101 776 495 871 1812 254 3.5 
q te Fish Products 47 25.5 95.7 146 1080 1902 22.8 1.4 
cad to 3103 FmivVegetables Process 13 154 923 215 691 1011 25.1 1.0 
: 04 | Dairy Products 21 4.8 95.2 130 83.0 933 241 11 
4 AIO Flour/Cereal 21 48 95.2 100 871 536 23.0 1.0 
a 07 | Bakery Products 60 16.7 883 361 739 622 25.0 1.2 
$ P DK Miscellaneous Food 80 12.5 76.3 29.1 806 637 242 1.2 
i: -F109 Beverages 71 15.5 916 36.0 1268 811 30.5 3.2 
a “iss ‘Tobacco Products 48 42 792 190 808 905 23.9 1.4 
E: de Rubber Products 83 25.3 904 429 543 872 34.7 1.2 
, AA Shoe 18 11.1 944 16.5 60.0 693 23.6 1.0 
ai etc Cotton Yarn 53 15.1 849 433 78.9 1005 282 14 
2 [4183 Man-made Fibre 62 242 714 326 824 945 263 1.0 
te and; :/- J88 Automotive Fabric Accessories 13-231 539 247 2716 7110 324 1.0 
a: 8) Miscellaneous Textiles 11 45.5 818 240 610 523 262 1.0 
243 Men's Clothing 87 58 793 142 662 1723. 258 1.6 
264 Women’s Clothing 29 69 828 60 301 3060. 327 1.9 
6 Fur Goods 15 200 66.7 43 513 1003 28.7 1.5 
50 38.0 70.0 38.6 76.5 6878 23.9 2.4 
10 20.0 800 345 935 567 223 1.0 
13 38.5 769 180 449 567 213 1.0 
: a 372 194 944 584 126.8 1092 28.4 14.6 
xd 2 10 10.0 1000 80 1408 801 279 1.0 
“2: Seellancous Paper 18 11.1 722 665 942 523 241 1.1 
F Bos ial Printing 24 42 4.7 40 697 644 203 1.0 
i 49 2.0 100.0 220 938 1093 23.6 1.4 
z 29 20.7 96.6 110.0 1020 25.9 1.1 


ted 
Fa 


-m 


cae 
S 
A 
a 
i 
EA 
H 
Yt 
ag. 
Pron 
-ra he 
SPE 
Be ff 
Pi pe 
EA 
a 
M ts 
* 





448 THE AMERICAN ECONOMIC.REVIEW 


TABLE B1—Continued a 





Number of a ONO ge eee unit contract negotia am 
SIC code, industry observations Strike? Holdout® Strike Holdout size? length’ group 
‘291 Iron/Steel Mills 103 272 709 289 65.7 2214 30.2 
292 Steel Pipe/Tube “ 31 16.1 71.0 430 77.7 815 33.5 
295 Smelting/Refining ~ 93 30.0°° 71:0 432 “41.5 1736 28.1 
296 Aluminum Rolling 17 29.4 82.3 ` 88.6 52.5 888 30.9 
297 Copper/Alloy Rolling 10 10.0 600 96.0 45.0 730 309 
301 Boiler/Plate Works 18 16.7 778 390 614 670 258 
302 Fabricated Metal 13 154 769 62.5 36.5 700 26.7 
304 Metal Stamping 30 10.0 $3.3 187 70.0 1114 34.7 
311 Agricultural Implement 39 43.6 744 152 343 1774 281 
315 Miscellaneous Machinery 76 18.4 724 339 68.0 802 264 
321 Aircraft/Parts 93 290 774 562 77.1 1448 280 
323 Motor Vehicle 78 44.9 808 265 495 4955 317 
324 Truck Body/Trailer 11 27.3 909 173 533 635 295 
325 Motor Vehicle Parts 89 348 652 269 373 820 341 
326 Rail Rolling Stock 35 314 771 609 769 917 28.5 
327 Shipbuilding/Repair 84 21.4 85.7 354 1034 997 280 p.. Le 
332 Major Appliances 65 23.1 923 325 45.6 (836 28.7 2E -y0 
334 Radio/TV 37 8.1 75.7 263 469 957 215 10.: ; 22(- 
335 Communications Equipment 130 19.2 792 253 758 1166 268 1 Harris 
336 Electrical Industrial Equipment 34 41.2 882 28.2 585 2680 262 10-5 iy 
338 Electric Wire/Cable 14 143 85.7 260 340 648 21.9 ME Feat, 
339 Miscellaneous Electrical 24 25.0 75.0 56.2 73.9 599 27,5 10 FOB 
356 Glass/Products 80 23.8 82.5 40.9 459 718 28.3 MB. 25 
359 Miscellaneous Nonmetallic 17 294 941 240 594 524 23.5 U 
378 Industrial Chemicals 64 156 656 46.6 519 860 21.7 LB o 
379 Miscellaneous Chemical 37 297 514 321 145.9 639 24.3 ME o 
391 Scientific Equipment 23 2.7 739 276 367 823 27 ME, voi 
393 Sporting Goods/Toys 19 10.5 579 255 646° 652. 26.1 MEE pi 
All Manufacturing 2747 21.0 808° 374 796 1339 275 ME ep 
* Strike: strike occurs before contract is signed. | ae 2 : T . a 
: Holdout: holdout occurs before contract is signed. ae a wee 
° Mean unit size: = mean number of workers in a bargaining unit. poe Me ght 
3 Mean duration = mean duration of the contract being negotiated, in months. - & eee rae! 
Be 
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Exogenous Variation in Family Size 


By JOSHUA D. ANGRIST AND WILLIAM N. Evans* 


* 


~- * ~ ~- 


Research on the labor-supply consequences of childbearing is complicated by 
the endogeneity of fertility. This study uses parental preferences for a mixed 
sibling-sex composition to construct instrumental variables (IV) estimates of the 
effect of childbearing on labor supply. IV estimates for women are significant but 
smaller than ordinary least-squares estimates. The IV are also smaller for more 
educated women and show no impact of family size on husbands’ labor supply. 
A comparison of estimates using sibling-sex composition and twins instruments 
implies that the impact of a third child disappears when the child reaches age 


13: (JEL 313;322) 


An understanding of the relationship between 
fertility and labor supply is important for a num- 
ber of theoretical and practical reasons. First, 
economists and demographers have developed a 
variety of models linking the family and the la- 
bor market. Empirical studies of childbearing 
and labor supply are sometimes seen as tests of 
these models (e.g., Reuben Gronau, 1973; Mark 
R. Rosenzweig and Kenneth I. Wolpin, 1980b; 
T. Paul Schultz, 1990). Second, the link be- 
tween fertility and labor supply might partly ex- 
plain the postwar increase in women’s 
labor-force participation rates if having fewer 
children causes an increase in labor-force attach- 
ment (Mary T. Coleman and John Pencavel, 
1993). Evidence for this thesis includes Claudia 
Goldin’s (1995) study, which shows that few 
women in the 1940’s and 1950’s birth cohorts 


* Angrist: Department of Economics, Massachusetts In- 
stitute of Technology, 50 Memorial Drive, Cambridge, MA 
02139; Evans: Department of Economics, University of 
Maryland, College Park, MD 20742. The authors thank sem- 
inar participants at the Council of Economic Advisors, Brown 
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the University of Virginia, and the July 1996 NBER Labor 
Studies meetings, as well as Susan Athey, Peter Diamond, 
Jon Gruber, Judy Hellerstein, Jim Poterba, David Weil, and 
three anonymous referees for helpful discussions or com- 
ments. John Johnson and Amanda Honeycutt provided ex- 
cellent research assistance. Special thanks go to Duncan 
Thomas who stimulated our interest in the subject of parental 
sex preferences. The authors bear sole responsibility for the 
content of this paper. 
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were able to combine childbearing with sf 
labor-force attachment. Other researchers hag: 
also drawn a link between fertility-induced wiif. 
drawals from the labor force and lower wag: 
of women (e.g., Gronau, 1988; Sanden’. pgper 
Korenman and David Neumark, 1992). So pag. : valab 
haps childbearing keeps women from ai 3 ~ Mons. 
ing their careers. Ô; 
Any success in disentangling the causi -aM ir 
mechanisms linking fertility and labor supt% “pac 
should shed light on other substantive issuest$: fftach 
well. For example, reductions in female lab Sano 
supply could increase the total time parents 4 the 3; $a 
vote to child care, making at least some childt® of Teg 
better off (see, e.g., Frank P. Stafford, 19%% ‘ee 
Francine Blau and Adam J. Grossberg, 1990) Ay: 
Some theories of family behavior also sugg? 
that changes in wives’ earnings affect mais 
stability (Becker et al., 1977; Becker, 1985). 
Not surprisingly, given the wide and lof E y 
standing interest in the connection betweg- 
childbearing and labor supply, hundreds 0# S F E 
empirical studies report estimates of this PẸ 77 ; oe 
lationship. The vast majority of these stu¢.- 
find a negative correlation between fertility | hee 
family size) and female labor supply. - ask 


Bs 
the! fac 


' There is less work on the effects of children 08 wE 
bands’ labor supply. See Pencavel (1986 Table 1. ne 
a few estimates, which suggest a positive association s 
tween fathers’ labor supply and the number of ¢ E A 
The relationship between husbands’ and wives ’ abor j 4 E B 
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hae ad: in two recent literature surveys, how- 
pi area the interpretation of these correlations re- 
as". unclear. In his assessment of the 


s rains, U NE as 
economics of the family,” Robert J. Willis 













to 
hildbearing, growth of divorce, and increased 
{c fémale labor force participation ... .’’ Martin 
Browning (1992 p. 1435) expresses similar 
ivyjews: ‘‘... although we have a number of ro- 
= pust, correlations, there are very few credible 


«Skepticism regarding the causal interpreta- 


jon of associations between fertility and labor 
supply arises in part from the fact that there 
äre strong theoretical reasons to believe that 


a eee 


Age F 


ave Fetmined (see, e.g., Schultz, 1981, or Goldin, 
d with E1960). In fact, this endogeneity is reflected in 
wage § = the’ academic research agenda. On one hand, 
anders fi. papers on labor supply often treat child-status 
So per F”. Variables as regressors in hours of work equa- 
2velop F=: tions, while on the other hand, economic 
FE- demographers and others discuss regressions 
causal {£ ond models that are meant to characterize the 
supply f- impact of wages or measures of labor-force 
ssues & p attachment on fertility. Since fertility variables 
le labor cannot be both dependent and exogenous at 
ents de- a the same time, it seems unlikely that either sort 
zhildrer k- of regression has a causal interpretation.” 
i, 1987 ys This paper focuses on the causal link run- 
.-1992).f'~'hing from fertility to the work effort of both 
suggest Be fin 
1985). P Ee 
nd long: Pipis discussed by, among others, Orley Ashenfelter and 
betwetl kd aines J. Heckman (1974), Heckman and Thomas E. 


cS 
C rag 
* 


of ei. Leh-urdy (1980), and Jonathan Gruber and Julie Be 
dreds yi . Gillen (1996). ry 





tility (f plies t it is not even fruitful (pp. 60-61). 













ply.’ Bs ge o on models of marital status and child- 
EEY Mon E a e Handbook of Labor Economics, Mark R. 
Lgo Somery and James Trussel (1986 p. 205) note: 
Or Bey REEE 
-raion One : ; 
a 7 e invo a = rites of passage for a labor economist 
ren on 8 smale ences ¢Stimation of a Probit model for fe 
ste 1.17 BRE i ice; for . orce participation. It is standard prac- 
tY ociation $ & me “ei bator A equation to include some 
+ F ae ee, KOEN te wom ? $ 
of child > iber an s marital status and the 


5’ Jabor f. a and age distribution of her children. In es- 
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men and women. Our main contribution is the 
use of a new instrumental variables (IV) strat- 
egy based on the sibling sex mix in families 
with two or more children. This instrument ex- 
ploits the widely observed phenomenon of pa- 
rental preferences for a mixed sibling-sex 
composition. In particular, parents of same-sex 
siblings are significantly and substantially 
more likely to go on to have an additional 
child. Because’sex mix is virtually randomly 
assigned, a dummy for whether the sex of the 
second child matches the sex of the first child 
provides a plausible instrument for further 
childbearing among women with at least two 
children. Moreover, in spite of the fact that the 
sibling sex mix is obviously a function of the 
sex of both children, we present a range of 
evidence which suggests that there is little pos- 
sibility that any secular impact of the sex of 
offspring contaminates the IV estimates. 

We also compare results generated using sex 
mix as an instrument to results generated using 
twins to construct instruments. Twinning at 
first birth has been used in a number of previous 
studies to estimate the relationship between 


timating such a model, the labor economist veers 
dangerously close to a theory of householdforma 
tion, childbearing, and labor supply; namely, that 
household formation and fertility can be safely 
taken as exogenous with respect to a woman’s sup- 
ply of hours.” 


Many of the papers cited in the Handbook chapter on fe- 
male labor supply (Mark R. Killingsworth and Heckman, 
1986) fit this description. A widely cited paper that dis- 
cusses regressions of fertility measures on measures of 
earnings is Jacob Mincer (1963). A more recent example 
is Heckman and James R. Walker (1990), who use non- 
linear techniques. See also Schultz (1981 p. 171) who 
asks: ‘‘What is cause and what is effect?’’ in a discussion 
of William P. Butz and Michael P. Ward (1979), and 
other demographic studies of the relationship between fer- 
tility and labor-force participation. 

* Charles F. Westoff et al. (1963) were among the first 
to report preferences for a mix. In a survey of desired 
fertility and a follow-up study of actual fertility among 
couples with two children, they found that parents of two 
boys or two girls both desired and ultimately had more 
children than parents of mixed pairs. See Nancy E. 
Williamson (1976) for an international review. After 
completing the first draft of this paper in July 1996, we 
learned of concurrent work using sex-preference instru- 
ments to estimate the effect of fertility on female labor 
supply in the United Kingdom (Maria Iacovou, 1996). 
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childbearing and labor-market outcomes. Ex- 
amples include Stephen G. Bronars and Jeff 
Grogger (1994) and Jaisri Gangadharan and 
Joshua L. Rosenbloom (1996), both of which 
use large Census samples, and Rozenzweig and 
Wolpin (1980Qa, b). Here, our interest is primar- 
ily in the comparison between twins estimates 
and results using. the same-sex.instruments. We 
therefore focus on multiple second births, so that 
both twinning and the sex-mix instrument iden- 
tify the impact of moving from the second to the 
third child. Because third-born children who are 
twins are older than other third-born children, 
the juxtaposition of estimates based on twinning 
and the sex mix allows us to compare the effects 
of fertility on labor supply when the children are 
different ages. By combining the twins and 
same-sex instruments, we can estimate the time 
it takes for the labor-supply consequences of 
childbearing to disappear. 

Section I discusses the data and the sex-mix 
instruments’ first stage, and briefly describes 
how sex mix can be incorporated into standard 
economic models of fertility. Section II pre- 
sents the main set of empirical results on fer- 
tility and labor supply, including an analysis 
of effects in subgroups defined by husbands’ 
earnings and mothers’ schooling. Section II 
compares the estimates using sex-mix instru- 
ments to estimates based on twins. Section IV 
discusses the empirical findings in light of re- 
cent trends in female labor-force participation, 
and Section V concludes. 


I. Data, Descriptive Statistics, 
and First-Stage Relationships 


A. Data and Descriptive Statistics 


The sex-mix estimation strategy is imple- 
mented using information on labor supply, the 
sex of mothers’ first two children, and an in- 
dicator of multiple births in the 1980 and 1990 
Census Public Use Micro Samples (PUMS). 
To motivate the empirical work, Table 1 re- 
ports labor-force participation rates and the 
probability of additional childbearing among 
women aged 21—35 and aged 36-50 in the 
1970, 1980, and 1990 PUMS. Data for 1970 
are from the 1/100 state file (U.S. Department 
of Commerce, Bureau of the Census, 1972); 
data for 1980 and 1990 are from the 5-percent 


.cutoff for firstborn children does not genert: 5 
















H 


samples (U.S. Department of Commeres 
reau of the Census, 1983, 1995). The tx 
shows substantial declines in fertility “if ‘4 a 
creases in labor supply in both age- eee 
two children show a similar pattern, as o i aa 
statistics for women aged 36-50. “i a 
There is no retrospective fertility. „infon? E 
tion in the PUMS data sets other than the mp & ef 
ber of children ever born. We therefog ®’ 
matched children to mothers within houg®: 
holds in a manner similar to that described, F. 
the appendix to Angrist and Evans (1996 
Briefly, we attached | people in a household: =... 
beled as ‘‘child’’ in the primary vapor! $: 
code to a female householder or the spousegg: : 
a male householder. In households with mF: a 
tiple families, detailed relationship codes. 
well as subfamily identifiers were used topg $ 
children with mothers. We deleted any motyg- 
for whom the number of children in the hou% - 
hold did not match the reported number df * 
children ever born.” Using the sex of the oldesk - 
two children, we defined same-sex sn 
pairs in both Censuses. ae ot 
Because the Census does not track childrafe i 
across households, the sample is limited tf PORT 
mothers aged 21—35 whose oldest child wef: Z vt, 
less than 18 years of age at the time of hk ;~ 
Census. Few women younger than age 21 hatte: 
two children, while a child over age 17 is HE. 
creasingly likely to have moved to a differs% 
household. Restricting the women’s age-groyg: <`- 
to less than or equal to 35 means the age ite. fs 


a 
tility, Birth Expectations, and Marital Hista. - Batre 
Supplement to the June 1990 Current Pope. , “grt ae 
lation Survey (CPS) show that among wom; 5 naker 
aged 35 with two or more children, at least Sp b- s s ah 
percent have an oldest child younger than # E pe 
18. This fraction falls to 85 percent at ag¢ sf ary 
but is equal to 100 percent for women ee i, our tab 
or younger. Although women aged 21-+¢ jet ove 
with at least two children may appear to 0® HMO thi: 


stitute an unusually young high-fertility af po 


a highly selected sample. Data from the i: 






° Note also that the sample is restricted to wom? oe ore 
whom the reported values of age and sex of thei.” a @ gas: 
oldest children were not allocated by the U.S. Bure i 
the Census. _ me 
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TABLE 1-—FERTILITY AND LABOR-SUPPLY MEASURES 
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1970 1980 1990 
Sample PUMS PUMS PUMS 
Women aged 21—35 
Mean children ever born 1.78 1.27 1.18 
Percent with 2 or more children 52.10 40.40 37.60 
Percent worked lest year it~” 60.00 73.40 79.30 
Observations 203,918 1,326,631 1,478,546 
Women aged 36-50 
Mean children ever born 2.85 2.86 2.15 
Percent with 2 or more children 73.40 78.50 68.90 
Percent worked last year 57.30 66.70 78.50 
Observations 181,502 852,204 1,253,095 
Women aged 21-35 with 2 or more children 
Mean children ever born 3.06 2.61 2.57 
Percent with more than 2 children 55.60 39.90 39.10 
Percent worked last year 44.80 58.00 66.60 
Observations 106,239 535,587 577,397 
Married women aged 21-35 with.2 or more children 
a Mean children ever born 3.02 2.58 2.53 
Percent with more than 2 children 54.90 39.00 37.50 
Percent worked last year 41.80 55.80 67.50 
Observations 91,286 436,483 439,408 





Notes: The 1970 PUMS data are from the 1/100 state file. The 1980 and 1990 data are 
from the 5-percent PUMS. Calculations from the 1990 PUMS use sample weights. The 






z ) tabulations of the June 1990 CPS show 
Over half of all women aged 28—35 fall 

sro BO this group. The proportion is lower for 

Be women aged 21—27 but still includes at least 
x r of the entire age cohort.® 
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nee 


Shs th z > worth noting that a abuna fraction of 
S m completed family size between 1970 and 


married samples include women married at the time of the Census, =- 


” 
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The empirical. analysis is conducted on 
two subsamples- from each Census data set. 
The first includes all women with two or 





1990 occurred at parities greater than 2. Our tabulations 
of 1970 and 1990 Census data show that about 71 percent 
of women aged 40-55 in both years had two or more 
children. The proportion having three or more children, 
however, fell from about 0.47 in 1970 to 0.39 in 1990. 


a 
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more children. The second includes only 
married women because this is the sample 
that many economic theories of household 
production (e.g., Gronau, 1973) are meant 


to describe. The married sample is also used ` 


to explore the impact of children on fathers’ 
labor supply.’ The 1980 married sample is 
restricted to couples who were married at the 
time of the Census, married only once, and 
married at the time of their first birth. There 


are 394,835 observations in the full 1980 


sample and 254,654 observations in the 1980 
married sample (64 percent of the total). In- 
formation on the timing of first marriage and 
the number of marriages is not available in 
the 1990 PUMS, so that the 1990 married 
sample includes all women who were mar- 
ried at the time of the Census. The full 1990 
sample includes 380,007 women and the 
married 1990 sample includes 301,588 
women (79 percent of the total— higher than 
for 1980 because the 1990 sample-selection 
rule is less restrictive). 

Descriptive statistics and variable defini- 
tions for covariates, instruments, and depen- 
dent variables are given in Table 2. The 
covariate of primary interest in our labor- 
supply models is the indicator More than 2 
children. The first instrumental variable for 
More than 2 childrens the indicator Same sex. 
The table also shows averages for the two 
components of Same sex, the indicators Two 
boys and Two girls. Among all women with 
two children in 1980, 40.2 percent had a third 
child. The corresponding figure for 1990 is 
37.5. In both samples, just over 50 percent of 
all two-child families had children of the same 
sex and just over 51 percent of first births were 
boys. 

Labor-supply estimates are also computed 
using multiple second births to generate in- 
struments. In the 1980 PUMS, multiple births 
are defined as siblings having the same age and 
quarter of birth. The mean for this indicator of 
twin births, which we call Twins-2, is 0.0085 
in the 1980 full sample and 0.0083 in the 1980 


7 One reason estimates are presented for the full sample 
as well as for tlie married sample is that conditioning on 
marital status raises the possibility that selection bias af- 
fects estimates in the selected sample. 

























married sample.* For purposes of compare SORE 
we drew a sample of all second births bong R 
women aged 21-35 from the 1976 Vital 5: RAGS 
tistics Natality Data tapes (National Centert CAME: 
Health Statistics). This data set contains 4% PERS? 
percent sample of all births in the country ak 
should provide an accurate estimate of miSa 
ning probabilities for the women in our at a ao 
ple. Data from 1976 offer a useful comparities: 
since roughly 40 percent of second childregg s Sete? 
our Census sample were born 1976-19 E ies; 
The vital statistics data imply a second-big 2 Beg 1st 
twinning probability of 0.0079, just sligh 
lower than the probability we estimate usi 
1980 Census data. 


Pex 


1.2 percent of all second births in 1990 we $ 
multiple births. This naturally products : 


since two children born in the same i 3 
month period are classified as twins. We v: 
used data from the 1980 PUMS to estimi; 
the error in twin rates calculated using agp. 
in years only. Using age in years to defi? vey 
twins in the 1980 data generates an estimalih, "Sai bo: 
twin rate of 0.01185, which is 35 perttif : , 
larger than the value we calculate using 4: 
in years and quarter of birth. We therel Pee 
from the 1980 PUMS. ; i 

Demographic and labor-supply variatif a 
described in the lower half of Table 2, incld§? 
measures of mother’s age, age at first bit am 
years of education, and indicators ‘for rae? o E $95 kc 
ethnic background. We also report values 
the husbands of women in the married s 
The labor-supply variables are ‘based on 
sus questions concerning work in 1918 
1989. These variables measure whether.) 
spondents Worked for pay, -their Weel 


worked, usual Hours/week, and annual 47} 


Ds ee As 


8 Of the 3,356 multiple second births in the all-WY RE: 
sample, only 23 were triplets or eal rege ig: A sy lc 


interchangeably. 





























































3 of those who did not work for pay during 
"©The final two variables in the table 
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TABLE 2——DESCRIPTIVE STATISTICS, WOMEN AGED 21--35 WITH 2 OR MORE CHILDREN 


) Basie eans and (standard deviations) 














‘OM ts 
Sta. 1980 PUMS 1990 PUMS 
er for | Married coupl ` Married coupi 
34 50. y All armed couples All arned couples l 
ry and | women Wives Husbands women Wives a 
twin $E Giden ever born 255. 251 — 2.50 248 2 — 
T Sam. 4 pace . (0.81) (0.77) (0.76) (0.74). 
PATISO $5 an 2 children (=1 if mother had more than2—~- 0.402. 0.381 23 — 037 0367 — 
dren in children, =0 otherwise) (0.490) (0.486) (0.484) (0.482) 
2 1979 yi “ 
d-birth st (sı) (=1 if first child was a boy) 0.511 0.514 — 0.512 | 0.514 ed 
oe (0.500) (0.500) (0.500) (0.500) 
lightly F255" 
: using y 2nd (sı) (=1 if second child was a boy) 0.511 0.513 — 0.511 0.512 — 
-: (0.500) (0.500) (0.500) (0.500) 
Š 19% =] if first two children were boys) 0.264 0.266 —- 0.264 0.265 — 
re de. (0.441) (0.442) (0.441) (0.441) 
25 oe 
ae girls (=1 if first two children were girls) 0.242 0.239 —- 0:241 0.239 — 
CO thal a aea l (0.428) (0.427) (0.428) (0.426) 
O were B 
uces 4 sex (=1 if first two children were the same sex) 0.506 0.506 — 0.505 0.503 — 
i 500 5 0.500 0.500 
f twins f a (0.500) (0.500) (0.500) (0.500) 
ne 12. F: “:fwias2 (=! if second birth was a twin) 0.0085 0.0083 = 0.012 0.011 = 
is. We Pek (0.0920) (0.0908) (0.108) (0.105) 
xt; Sie . 
stimate Pet Age ` 30.1 30.4 33.0 30.4 30.7 33.4 
Ng age bey (3.5) (3.4) (4.6) (3.5) (3.3) (4.8) 
define f= (394. 
-mated a Age at first birth (parent’s age in years when first child 20.1 20.8 24.0 21.8 22.4 25.1 
i Eeay Was bom) (2.9) (2.9) (4.0) (3.5) (3.5) (4.7) 
percen Ee is 
ing age p<. Worked for pay (=1 if worked for pay in year prior to 0.565 0.528 0.977 0.662 0.667 0.968 
erefor B's" (0.496) (0.499) (0.150) (0.473) (0.471) (0.175) 
ze So F 
to datt f=: Weeks worked (weeks worked in year prior to census) 20.8 19.0 48.0 26.2 26.4 47.1 
| Bee (22.3) (21.9) (10.5) (22.9) (22.9) - (12.0) 
riables, be ge: 
; Ee s Houts/week (average hours worked per week) 18.8 16.7 43.5. 22.5 22.2 44.0 
cae ee (18.9) (18.3) (12,3) (19.1) (18.9) (13.3) 
Labor income (labor earnings in year prior to census, in 7,160 6,250 38,919 9,550 - 9,616 36,623 
+f . (10,804) (10,211) (25,014) (13,071);- (13,238) . -- (30,283) 
e : income (famiily-income in year prior to census, in 42,342 47,646 — 42,558 r . 49,196." — Pana 
: 5 (26,563) (25,821) (34,692) © (34,740) ce 
1 at. "o 4 i E i E 
‘ 2 e income (family ‘income minus wife’s labor 41,635 -— aae. 39,580 | — 
3 in. 1995 dollars) T o (24,734) E AR 31,892)" “A 
abk of observations 304,835 254,654 254,654 380,007 `> - 301,588... 301,588 - 


x Te nae me È : i i . . aaa 3 | : 
Bite 1980 eames Include women aged 21—35 with two or more children except for women whose second child is less than’a year old. 
ervey: and =H the married women sample refers to women who were married at the time of their first birth, married at the time of the 
mo mam : once. In the 1990 PUMS, the married women are those married at.the time of the Census. ee 


are measures of Family income and, for the 
married sample, a variable called Non-wife in- 
come computed as family income minus the 
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wife’s labor income.” The descriptive statistics 
show that women’s labor-force participation 
rates, weeks and hours worked, and age at first 
birth increased between 1980 and 1990. 
Women’s real (1995 dollar) earnings in- 
creased substantially as well, especially for 
married women, while real Non-wife income 
declined. It should also be noted that the var- 
iances of earnings, husband’s earnings, and 
family income increased substantially over 
this period. 

Finally, note that husband’s age at first birth 
was calculated assuming that the husband is 
the father of the children in the household. All 
of the husbands’ variables are computed based 
in this assumption, which seems plausible for 
the 1980 data since women im the 1980 mar- 
ried women sample were married only once 
and they were. married at the time of their first 
birth. Only 4.7 percent of the husbands in this 
sample were married before, and very few 
children live with their fathers after divorce. 
On the other hand, the 1990 match is probably 
not as good as the 1980 match. We therefore 
confirmed the basic first-stage relationships 
used in this paper with June CPS data, which 
includes true retrospective fertility informa- 
tion. See the appendix to our earlier paper 
(Angrist and Evans, 1996a) using a Census 
household: match for more on data problems 


- and issues related to the match. 


B. Sex Mix and Fertility 


The phenomenon of parental preferences for 
a mixed sibling-sex composition has been doc- 
umented in a number of studies. For example, 
Yoram Ben-Porath and Finis Welch (1976) 
found that in the 1970 Census, 56 percent of 
families with either two boys or two girls had 
a third birth, whereas only 51 percent of fam- 
ilies with one boy and one girl had a third 
child. 


? In the few cases where there were negative or zero 
family-income values, we set the variables equal to one 
when computing logs. Family income and person wage 
and salary income are top coded at $75,000 in the 1980 
Census. In the 1990 Census, family income is top coded 
at $999,999 and individual wage and salary income is top 
coded at $140,000, with state medians of top-coded values 
substituted for the top code. 


































The theoretical impact of sex mix on fos ake 
ity can be captured in the standard qu i aS aN 
quality model of fertility, originally oui i We 
by Becker and Gregg H. Lewis (1973) ag : 
Becker and Nigel Tomes (1976), ands 5 
tended in detail by Rosenzweig and Wolk 
(1980a). In these models, parents derive ug 
ity-from.the number of children-and a comps 
mentary good, “‘child quality,’’ which ent 
the utility function and budget constraintgp:. 
proportion to the number of children. Chyg 7, 
quality is generated through the purchasé, 
inputs and the expenditure of parents’ time 
home production. Ben-Porath and Wek 


determines child quality in quantity /quality, 
models. Alternately, the impact of sex pref 
ences can be modeled using yee 
utility. Suppose a mother already has n, è 
children and she is trying to decide how ma ' 
additional children to have (n, ). If parents pi 
fer a mixed sibling-sex composition, then 
same-sex sibling composition reduces t i 
utility from n,. This in turn raises the margit 
utility of n., increasing the chances that pe 
ents will try to have additional children. Twi 
ning can similarly be incorporated into t 
model as a shock to n, that cannot be fils = rh 
offset by future fertility choices. For a mugs? 
detailed theoretical discussion, see our woth? 
ing paper (Angrist and Evans, 1996b). €; 
Table 3 reports estimates of the impact i 
child sex and the sex mix on fertility simil 
to those in Ben-Porath and Welch (1976). # 
first panel looks at sex preferences in fan 
with one or more children by showing por 
tion of women with at least one child who# 
a second child, conditional on the sex of% 
first child. The third row of this panel sho 
the difference by sex. In spite of the fact? Oy 
attitudinal surveys suggest many coup! sewi 
would prefer more boys than girls, or p% -Stimate 
their firstborn child to be male (see, i$ S02 se: 
Williamson, 1976), there is only one subs H 
ple (all women in the 1990 PUMS) wheres 3 
sequent fertility is a function of the sex f 
first child. Even in this case, the impact 0$% 
sex of the firstborn on fertility is very $ aon 
The second panel of Table 3. documents Be imeem tO 
relationship between the fraction of wP% a aes 
who have a third child and the sex of tht FE dpe 
two children. The first three rows from Seen 
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ry smal romen with two children of the same sex are 
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< = aa sare Zion te boy and one girl. For example, 
9 2, iced all-women sample, only 37.2 per- 
from 6 oe women with one boy and one girl have 
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TABLE 3—FRACTION OF FAMILIES THAT HAD ANOTHER CHILD BY PARITY AND SEX OF CHILDREN 














ined Rese All women Married women - n a 
„and 1980 PUMS 1990 PUMS 1980 PUMS 1990 PUMS: 
vex 7 hild (649,887 observations) (627,362 observations) (410,333 observations) (477,798 observations) 
š f first chi Cp ea pen a a re ee ae gy S ge a 
pin j Fomilies with Fraction that Fraction that Fraction that Fraction that 
util E Fraction had another Fraction had another Fraction had another Fraction had another 
] E of sample child of sample child of sample child of sample child 
r 
i im 0.488 - 0.694 0.489 0.665 0.485 0.720 0.487 0.698 
ten piet © ae: oe (0.001) (0.001) (0.001) (0.001) 
nt in pta 2 z aay ee SEE SN - 
Child Ba one boy 0.512 0.694 0.511 0.667 0.515 0.720 0.513 ~~ ~~ 0.5699 > 
pu (0.001) (0.001) (0.001) (0.001) 
Se of A 
me in J? terence (2) — (1) 0.000 0.002 0.000 0.001 
Velch F225... (0.001) (0.001) (0.001) (0.001) 
g that f ye 3, All women Married women 
lity of Sar ak ; 1980 PUMS 1990 PUMS 1980 PUMS 1990 PUMS 
srefer cat Stor ae (394,835 observations) (380,007 observations) . (254,654 observations) (301,588 observations) 

‘a Be” Sex of first two Se a A 
“nden E- “ehildren in families Fraction that Fraction that Fraction that Fraction that 
-S E with two or more Fraction had another Fraction had another Fraction had another Fraction had another 

many £7- children of sample child of sample child of sample child of sample child 
ts pree 2": ong boy, one girl 0.494 0.372 0.495 0.344. 0.494 0.346 0.497 0.331 
then aps? (0.001) (0.001) (0.001) (0,001) 
es the F =-two giris 0.242 0.441 0.241 0.412 0.239 0.425 0.239 0.408 
argin § -< (0.002) (0.002) (0.002) (0.002) 
at pr E 

T pi f Iwo boys 0.264 0.423 0.264 0.401 0.266 0.404 0.264 0.396 
Wil F E (0.002) (0.002) (0.002) (0.002) 

e fully Ẹ De boy, one 0.494 0.372 0,495 0.344 0.494 0.346 0.497 0.331 
< -gin 0.001 0.001 0.001 0.001 

a mop $ (0.001) (0.001) (0.001) (0.001) 

r work {t — (2) both same sex 0.506 0.432 0.505 0.407 0.506 0.414 0.503 0.401 

™ o (0.001) (0.001) (0.001) (0.001) 

pact dir : difference (2)~ (1) 0.060 0.063 0.068 0.070 
simila f es (0.002) (0.002) (0.002) (0.002) 

6). The Be ii, 

families Bias, poles: The samples are the same as in Table 2. Standard errors are reported in parentheses. 

the frat ge AEG 

who had a È l l 

: vies ection show the sample characteristics of a third child, compared to 43.2 for women 

P # hd Women in the following groups: those with with two girls or two boys. The relationship 
ac re rene and one girl, those with two girls, and between sex mix and the probability of addi- 
sie ja i th two boys. The next two rows report tional childbearing is even larger for married 
or p estimates for women with two children of the women, reaching a precisely estimated 7- 

„B'i 7 . . . a 

= a ue ae and for women with one boy andone _percentage-point difference in the 1990 Cen- 
ie p ent he final row reports the differences be- sus. This is approximately 21 percent of the 
an 0; een. the same-sex and mixed-sex group rate of additional childbearing among women 
<< s with one boy and one girl. Finally, we note 


that the relationship between sex mix and 
childbearing is confirmed in data from the fer- 
tility supplements to the June 1980, 1985, and 
1990 CPS. This is important because, unlike 
the Census where information about children 
is partly based on our household match, the 
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June CPS contains detailed fertility histories 
for each woman, including information on the 
dates of birth and sex of each child. 

The virtual random assignment of Same sex 
makes it very likely that reduced-form re- 
gressions of fertility and labor-supply out- 
comes on the instruments have a causal 


interpretation. One simple'chëck on this claim 


is to compare the demographic characteristics 
of people who have same-sex and mixed-sex 
sibling compositions. Table 4 reports Same 
sex contrasts for mother’s age, age at first 
birth, race, ethnicity, and years of education 
in the 1980 and 1990 all-women samples. 
Even in these large samples, none of the con- 
trasts is significantly different from zero at 
the 5-percent level. The magnitude of the dif- 
ferences by Same sex is also very small. For 
example, the difference of —0.0028 for years 
of education in 1980 represents 0.02 percent 
of the sample mean years of schooling, which 
is about 13. 

In contrast with the small and insignificant 
differences in demographic characteristics 
by Same sex, there are some large and pre- 
cisely estimated differences in mean demo- 
graphic variables by twin status. The 
estimates in the final column of Table 4 rep- 
licate the well-known result that twins are 
more likely for older women (John A. H. 
Waterhouse, 1950) and for blacks (Ntinos 
Myrianthopoulos, 1970). Women with more 
years of schooling are also more likely to 
have twins, although this probably reflects 
more childbearing at older ages among more 
educated women. 


U. Fertility and Labor Supply 
A. Wald Estimates 


Because sibling-sex composition is virtually 
randomly assigned, simple statistical tech- 
niques can be used to illustrate how the sex- 
mix IV strategy identifies the effect of fertility 
on parents’ labor supply. Consider the bivari- 
ate regression model, 


(1) yı =at Px; + &; 


where. y; is a measure of labor supply and x; 
is the endogenous fertility measure of interest. 


(2) Pw er (Fi ~ Yo)/ (Xi — Xo), 





where y, is the mean of y; for those obser E 
tions with z; = 1 and other terms are simila} ¥ 
defined. The numerator and denominator cx ¥ 
ture the reduced-form relationships between; 
and z; and between x; and z;. The IV meth cB 
attributes any effect of z; on y; to the effect Bay 
Zi ON x;. È. 
Although equation (1) is written as a bivg & - 
iate regression with constant coefficieny}” 
Guido W. Imbens and Angrist (1994) ha ae 
shown that 4;, can be interpreted as a el ae 
average treatment effect specific to the insty $ a 
ment, z; . In this case, Biy estimates the average - 
effect of x; on y; for individuals whose ena 
has been affected by their children’s sex mi 
Similarly, when z; is an indicator of mum 
births at the second pregnancy, Twins-2, th 
IV estimates reflect the effect of children ag: - 
labor supply for those who have had moni ee 
children than they otherwise would have wf 
cause of twinning. For this reason, the Twini 
and Same sex instruments do not necessa 
identify the same average effect. 0 oh 
The first six columns of Table 5 report te Ra 
components of 6y when Same sex is used 8B. Ped 
the instrument in the all-women samples frok “of y 
the 1980 and 1990 PUMS. The last three off 
umns report corresponding results from bè a. 
1980 PUMS using the Twins-2 instrumed® es 
The first two rows of the table show the #Ẹ- 
nominator of the Wald estimate, x; — Xo, FR- Tb 
two possible choices of x;. One is an indicald divi 
for having had a third child, More than 2 is eh 3 
dren. The other is total Number of childráğ Be: iko: i 
The effect of the Same sex instrument on MO'R or is 
than 2 children, equal to the difference! iE 
means reported at the bottom of Table 3,05 
0.06 in 1980 and 0.063 in 1990. The fie 
Same sex on Number of children is 0. 0711% 
1980 and 0.084 in 1990. The effect of Twit 
2 on the probability of having a third oe é 
1980 is 0.60, and the effect of Twins we = = 
Number of children is 0.81. ae: Oey x 
Below the estimates of x, — xX, col ug a tin 
(1) and (4) of Table 5 report 7, — Yoru Ries hot 
alternative outcomes using the Same sar a oe = 
strument. These results show that in addit? SEANS 


H . 
$f ys eft 
LOETA ar ot. a 
eeds te ts EEEa Jeet 
Pe y 
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TABLE 4—DIFFERENCES IN MEANS FOR DEMOGRAPHIC VARIABLES 
BY SAME SEX AND TWINS-2 








Difference in means (standard error) 






























3 
eaka X 
Trur 


tọ having more children than women with 
i- One boy and one girl, women with two chil- 
-ç dřen of the same sex have a lower probability 
#2 OF Working, work fewer weeks per year and 
f Wer hours per week, and have lower annual 
¿earnings and lower family income. All but 
€:final result is statistically significant in 
th Census years. 
The:Wald estimates for 1980 calculated by 
al ding Yi — Yo by ži — X when x; is More 
man: 2-children imply that having more than 
Children reduced labor supply by 13.3 
ee 008 / 0.06) percentage points, weeks 
3, if pe eaS by about 6.4 weeks, hours of work per 
of Pore ‘by. 5.2, and labor income by just over 
= - Per year. The results for 1990 are also 
zecauve, though (with the exception of family 
come) somewhat smaller. The Wald esti- 


Ateso erms. In per-child terms, the esti- 
are about 0.78 as large in 1980 and 0.75 
aR ae 1990 as the estimates produced with 

gen 2 children in the denominator. 


By Same sex By Twins-2 

Variable 1980 PUMS 1990 PUMS 1980 PUMS 
Age 0.0147 0.0174 0.2505 
l (0.0112) (0.0112) ` (0.0607) 
“Age at first birth =" > 9.0162 - —0.0074 0.2233 

(0.0094) (0.0114) (0.0510) E 

Black 0.0003 0.0021 0.0300 
(0:0010) (0.0011) (0.0056) 
White 0.0003 —0.0006 - —0.0210 
| (0.0012) (0.0013) (0.0066) 
Other race —0.0006 —0.0014 —0.0090 
(0.0005) (0.0009) (0.0041) 
Hispanic —0.0014 —0.0007 —0.0069 
(0.0009) - (0.0010) (0.0047) 
Years of education —0.0028 0.0100 0.0940 
(0.0076) (0.0074) (0.0415) 


Notes: The samples are the same as in Table 2. Standard errors are reported in parentheses. 


The last three columns 1n the table show that 
women whose second pregnancy resulted -in 
twins are also less likely to work. With the ex- 
ception of the estimate for family income, 
which is not very precise, the Wald estimates 
generated by Twins-2, reported in column (6), 
are lower than the Wald estimates based on 
Same sex. In Section II, we explore the com- 
parison between Same sex and Twins-2 esti- 
mates further and show how they can be. 
reconciled. 

As with the Same sex estimates, Twins-2 es- 
timates in per-child terms are necessarily 
smaller than: estimates treating the indicator 
More than 2 children as the endogenous re- 
gressor. But ‘the factor of proportionality con- 
necting the per-child and More than 2 children 
estimates using Twins-2 is also 0.75. It there- 
fore makes little difference which denominator 
is used because estimates based on More than 
2 children can always be converted into per- 
child estimates by multiplying by 0:75. We 
chose to discuss estimates treating More than 2 
children as the endogenous regressor in the re- 
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1980 PUMS 
Wald estimate 
hee using as covariate: ee 

difference Number difference 

by Same More than of by Same 

Variable sex 2 children children Sex 

More than 2 0.0600 A 0.0628 ` 
children (0.0016) (0.0016) 

Number of 0.0765 0.0836 
children (0.0026) (0.0025) 

Worked for pay —0.0080 —0.133 —0.104 — —0.0053 
(0.0016) (0.026) (0.021) (0.0015) 

Weeks worked  —0.3826 —6.38 -5.00  —0.3233 
(0.0709) (1.17) (0.92) (0.0743) 

Hours/week —0.3110 —5.18 —4.07 —0.2363 
(0.0602) (1.00) (0.78) (0.0620) 

Labor income — 132.5 — 2208.8 —1732.4 —119.4 
(34.4) (569.2) (446.3) (42.4) 

In(Family —0.0018 —0.029 -0.023 —0.0085 
income} (0.0041) (0.068) (0.054) (0.0047) 


TABLE 5—-W ALD ESTIMATES OF LABOR-SUPPLY MODELS 
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Wald estimate 
using as covariate: 


Number Mean 
More than of difference than 2 
2 children children by Twins-2 children 
0.6031. 
(0.0084) 
i 0.8094 _ 
(0.0139) 
—0.084 ~0.063 —0.0459 —0.076 
(0.024) (0.018) (0.0086) (0.014) 
—5.15 —3.87 — 1,982 —3,28 
(1.17) (0.88) (0.386) (0.63) 
—3.76 — 2.83 — 1.979 —3.28 
(0.98) (0.73) (0.327) (0.54) 

— 1901.4 — 1428.0 —570.8 —946.4 
(670.3) (502.6) (186.9) (308.6) 

~0.136 —0.102 —0.0341 —0.057 
(0.074) (0.056) (0.0223) (0.037) 









Notes: The samples are the same as in Table 2. Standard errors are reported in parentheses. 


mainder of the paper because this emphasizes 
the fact that the fertility increment induced by 
either instrument is a move from two to more 
than two children. 


B. Two-Stage Least-Squares Estimation 


While the Wald estimates provide a simple 
illustration of how the instruments identify the 
effect of children on labor supply, the rest of 
the paper discusses two-stage least-squares 
(2SLS ) and ordinary least-squares (OLS) es- 
timates of regression models relating labor- 
market outcomes to fertility and a variety of 
exogenous covariates. 2SLS estimation allows 
us to accomplish three things. First, even if 
there is no association between the instrument 
and exogenous covariates, as suggested by Ta- 
ble 4, controlling for exogenous covariates can 
lead to more precise estimates if the treatment 
effects are roughly constant across groups. 

second, we can use 2SLS to control for any 
secular additive effects of child sex when us- 
ing Same sex as an instrument. This is desir- 
able because Same sex is an interaction term 
















involving the sex of the first two children, ale “sp 
therefore potentially correlated with the sexd§- 
either child. To see this, let s, and s, be int 
cators for male firstborn and second-born chibi 
dren. The instrument can be written as at F 


(3) 


Assuming that child sex is independent 4 F Bonn 
identically distributed (i.i.d.) over child eae 
the population regression of Same sex on# Pir: 
ther s; produces a slope coefficient equal A Sik 
2E[s;] — 1, which is zero only if E[s;] = he 
Since the probability of giving birth to a Ris 
child is 0.51, there is a slight positive ass g 
ation between Same sex and the sex of eg 


child. This correlation is a concern only ii 


ra 


Same sex = S52 + (1 — 5,)(1 - g 


0 Proof: Assuming child sex is i.i.d., we have E si ie ees 
E[s2] and E[s,s.] = E[s,]°. Therefore, Cov (Same Ë A 
sj) = E[s] (E[s;] — E[Same sex]). Some manipuli DERA” 
gives E[s;] — E[Same sex] = (1 — E[s)])(2E[5] ag 
Since the variance of s; is E[s,](1 — E[s,]), the regre yga 
coefficient is (2E[s,] — 1). ae 


















‘size. Such éffects could arise if the sex 


aly size, affects the father’s commitment 


X the family (see, e.g., Philip S. Morgan et al., 
aie sy or changes the way parents treat their 
n (Kristin F. Butcher and Anne Case, 
G9: Eaves Thomas, 1994). Secular effects 
7 oe mix on labor supply could also be gen- 
sated by the fact that boys are more likely 
than girls to have disabilities (see, e.g., Angrist 
and: ‘Victor Lavy, 1996) since having a dis- 
abled child might change parents’. behavior. 
2 adding sı and sz as regressors to the estimating 
oo j f q@uations reduces the likelihood of omitted- 
> <yariables bias from these sources. 

© Of course, controls for additive effects can 
nly eliminate bias from omitted variables 
with effects that are additive in the number of 
hildren. However, a third advantage of the 





“ins ISLS framework is that it allows us to exploit 

! the fact that the Same sex instrument can be 

-004 $<- decomposed into two instruments, leading to 
(00 an overidentified model. In particular, the sep- 

= ‘grate indicators, Two boys [ s,s2] and Two girls 

K 1 — s,)(1 — s2)], are both available as po- 

v tential instruments. This is useful because bias 

“from any secular effects of child sex on labor 

iren, m n i should be different for these two in- 
1e poe | .Struments, while the labor-supply conse- 
be indi - :quences of childbearing seem likely to be 


orn chil. §°... span of whether Same sex equals Two 


ay 


iS f: :B0ys or Two girls. A natural specification test 
f § therefore the conventional instrument-error 
— 2). fe g “ Sveridentification test statistic for 2SLS esti- 
i i ‘tation using both instruments, since this is the 
dent and § p- ‘x ame as a test for whether the Two boys and 
children, $- i o girls instruments give the same estimate 
2x on el i ae When used separately, !! 
equal F = ~The: following regression models are used 
J='he a link torso variables for husbands and 
oa malt 4 Wives to the endogenous More than 2 variable, 
e associ $ “and the list of exogenous covariates, in- 


of oath F a Mee “Sides additive effects for the sex of each 
only ifs È > 


e is i, = ? 
ae vp edd 5 Ji Qow; + QS); + QS; + Bx; + &, 







Bipot 
ve E[s]? K y KE Beg 
(Same Sth eye FETARE 
anipulation Fy o/s: 
Els] D) Be ‘fee thi tae ne K. Newey and Kenneth D. West (1987) 
2 regressi ON pe rreiation of overidentification tests. Angrist 


the dummy instrument case. 
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where w; is a vector of demographic variables, 
and s,; and sx; are indicators for the sex of the 
first two children of mother i. Initially, w; is 
limited to variables that are clearly exogenous 
to fertility: mother’s age and age at first birth, 
plus race and Hispanic indicators. In the just- 
identified model where Same sex is the only 
instrument, the first-stage equation relating 
More than 2 children to sex mix 1s 


~ ee mw an 


(5) Xi = NOW; + TiSi + TaS 


+ y(Same sex;) + Ni, 


where y is the first-stage effect of the 
instrument. 

The alternative identification strategy uses 
the two components of Same sex—Two boys 


= and Two girls—as instruments for More than 


2 children. In this case, however, either s,; or 
S2; must be dropped from the list of covariates 
because Siis S243 31,89; , and (1 ae $;)(1 oa So; ) 
are linearly dependent. We chose to drop Sy 
(the results are not sensitive to this choice, or 
to the elimination of both s,; and Sz, as we 
show below). In this case, the equation of in- 
terest becomes 


(6) Yi = aow; + aS; + Bix; + &;. 


The first-stage relationship between x; and sex 
mix is 


(7) xi = TOW; -+ NSi; + Yo( Two boys; ) 
+ yı (Two girls;) + Ni, 


where Two boys; = $);52;"and Two girls; = 
(1 — su)(1 — sy). h : 


C: 25LS Results 

The first-stage results litking sex mix and 
fertility are reported in Table 6. In the top 
half of the table, we report results from the 
1980 PUMS. These estimates show that 
women in 1980 with same-sex children are 
estimated to be 6.2 percentage points more 
likely to have a third child in a model with 
covariates. The corresponding estimate for 
married women is 6.9 percent. The 
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TABLE 6—OLS ESTIMATES OF MORE THAN 2 CHILDREN EQUATIONS s y 2 mr: 
All women rri E ia 
Independent variable (1) (2) (3) i D ' P ar 
1980 PUMS i B A a 
Boy Ist 0.0080 0.0001 ony ee BOS. 
7 (0.0015) (0.0021) (ing ELISES 
Boy 2nd —0.0081 _ 2 S Sees 
T (0.0015) hy oes a 
Same sex 0.0600 0.0617 >T E mde 
(0.0016) (0.0015) CEE. ASUL 
ae: from | 
Two boys a D 0.0536 OAE- ean 
(0.0021) I T <a 
pihe 
Two girls _ o 0.0698 0.078 3 ee 
(0.0021) (O.0KE sa: 
With other covariates no yes yes no yes yes Be eine 
"ane a, Tia 
R? 0.004 0.084 0.084 0.005 0.078 oon N 
z= a by ial 
f. 4 oe 
1990 PUMS F 
Boy Ist = —0.0081 —0.0083 —0.0097 
(0.0015) (0.0022) (0.0017) 
Boy 2nd _ 0.0002 _ — —0.0011 
(0.0015) (0.0017) 
Same sex 0.0628 (0.0623) o 0.0702 0.0703 
(0.0016) (0.0015) (0.0018) (0.0017) 
Two boys = 5 0.0624 = _ 
(0.0021) 
Two girls _ _ 0.0621 oe E 
(0.0022) 
With other covariates no yes yes no yes 
R? -0.004 0.082 0.082 0.005 -> 0.082 
Notes: Other covariates in'the models are indicators for Age, Age at first birth, Black, Hispanic, and Other race. 2} pri = € 
variable Boy 2nd is excluded from columns (3) and (6). Standard errors are reported in parentheses. , OW: Sang 
I ES 
Le oon 


t-statistics for these first-stage effects are 
well over 30. As in Table 3, the estimates for 
the 1990 PUMS (reported in the lower half 
of Table 6) are somewhat larger in both the 
full and married women samples. 

Table 6 also provides some evidence of an 
association between having a male child and 
reduced childbearing at higher parities. Note, 
however, that the effect of Boy J st in the 1980 









data is explained entirely by the differens 
the effect of Two boys and Two girls i a ERTAN 
these regressors are entered separately. 1&7. T 
other words, when the effects of sex mx” Tor) 
allowed to differ by sex, there is no relati E: E aiok 
ship between Boy Ist and fertility, although" $ ‘¢g 

effect of Same sex on fertility in 1980 is ja E iae 
for boys than for girls. The Boy Ist effects’: À Ue t 
1990 remain significant in all ee ela oi 


mt : 
































al 4 iy 
-~a Y Ea on 

Pe j a 

om `] i Md 


Ms to the effects of the sex mix. 
oe we use the sex mix to estimate the 
of More than 2 children on measures of 
mploymen and earnings in 1980. Table 7 re- 
ts a set of OLS estimates and two sets of 
S estimates using Same sex and the pair of 
: Fe €suininies Two boys and Two girls as instru- 
P enis. The exogenous regressors are the same 


at 
A Sa oe a wans í 


models that use Two boys and Two girls as 
mi pa iumon, we dropped the Boy 2nd variable 
: f= efom the list of covariates. The first three col- 
fs 2S anos show results for the full sample, the next 
three columns show results for married 
E> women, and the last three columns show re- 
ts for the husbands of married women. 
'OLS estimates in both the full and married 
. BE WO women sample suggest that the presence of a 
fe third child reduces the probability of working 
Pebyzabout 17 percentage points, and causes 
Co © Weeks worked to fall by about 8-9 per year, 
: -” hours per week to fall by 6—7, and family in- 
i ‘€ome to fall by about 13 percent. OLS esti- 
dates of earnings effects are $3,166 in the 
‘© married sample and $3,768 in the full sample. 
+: Nót surprisingly, all of these OLS estimates 
~- fe very precisely estimated. 

¿gin contrast with the results for women, OLS 
_ -Sitimates of the effect of More than 2 children 
on husbands’ labor supply are small. Having 
;athird child is estimated to reduce the proba- 
z a husband worked for pay by less than 


ah 1s also small, though precise enough to 
Ss —— different from zero. The esti- 
effect on annual weeks worked is —0.90 
re d'the estimate for hours per week is 0.25. 
s E soy @ effect on husbands’ earnings appears sub- 
f° Santial (—$1,506), but this amount is still 
> mly about 3.9 percent of the average earnings 
uve £ men in the sample. 
ae first set of 2SLS estimates uses Same 
za one as an instrument. In the full sam- 
depen the estimates (standard errors) for the 
pende nt variables Worked for pay, Weeks 
rked;. ' Hours/week, and Labor e 
5): are —0.12 (0.025). -5.7 (1.1), — 
A a —1,961 (542). These ae 
SSI that having a third child causes a 20— 
Meet ent reduction in women’s labor sup- 


qaia 


“in Table 6 (coefficients not reported). In — 





A et 
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ply and earnings. One important finding is 
that estimates using Same sex as an instru- 
ment are smaller than the corresponding 
OLS estimates. This is true for the labor- 
supply estimates in the married women’s 
sample as well, although here the gap be- 
tween 2SLS and OLS estimates is not as 
large. Overall, however, the OLS estimates 
appear to exaggerate the causal effect of fer- 
tility on female labor supply.- . 

It is also worth noting that the relationship 
between the OLS and 2SLS estimates is sim- 
ilar when the estimates are converted into per- 
child units. Above, we noted that 2SLS esti- 
mates treating More than 2 children as the en- 
dogenous regressor should be multiplied by 
about 0.75 to obtain estimates in per-child 
terms (i.e., with Number of children as the en- 
dogenous regressor). It turns out that the OLS 
estimates can be converted into per-child units 
by multiplying by about 0.7 using either 1980 
or 1990 data. Thus, regardless of whether the 
estimates are cast in terms of the effect of hav- 
ing more than two children or in per-child 
units, the OLS estimates are considerably 
smaller than the 2SLS estimates. 

In addition to differing from the OLS esti- 
mates, the estimates using Same sex as an in- 
strument also differ from most of the 2SLS 
estimates previously reported in the literature 
on children and labor supply. In his review 
article, Browning (1992 p. 1469) notes that, 
‘‘There is one salient difference between stud- 
ies that take fertility as exogenous and those 
that take it as endogenous. In many of the latter 
it is found that fertility either has no effect 
on labor supply ... or it has a positive effect.” 
Browning also points out that it is not clear 
from these estimates whether children really 
have no effect on female labor supply, or 
whether the instruments are too weak or 
simply poorly chosen. While the 2SLS esti- 
mates generated by Same sex are smaller than 
the corresponding OLS estimates, they are 
still negative, precise, and of a plausible 
magnitude. 

In contrast to the female labor-supply esti- 
mates, there is little evidence of a relationship 
between having a third child and family in- 
come. Given the strong labor-supply effects, 
the weak impact on family income may seem 
surprising. There are a few potential explanations 


- 


srera aiat: 
p 
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for this result. First, the lost income due to a 
reduction in mothers’ labor supply could be 
made up by other family members. The small 
and statistically insignificant 2SLS estimates 
in the In(Non-wife income) equations suggest 
that this is not the case. The most likely ex- 
planation is that the instrument is not powerful 
enough to detect the family-income conse- 


: quences of childbearing. For example, in the 


married women sample, the third child reduces 
female earnings by about 21 percent and fe- 
male labor income is (on average) 13 percent 
of total family income. If the third child does 
not alter husbands’ labor supply, we would ex- 
pect an estimated effect of More than 2 chil- 
dren in the In( Family income) equations of 
roughly —0.21 x 0.13 = —0Q.027, which is 
close to the reported estimate of —0.05. But 
the standard error for this estimate is slightly 
higher than 0.05, so that impacts this small 
cannot be precisely measured. 

Gronau (1977 p. 1102) reports results sug- 
gesting that husbands increase their work ef- 
fort in response to an increase in family size. 
Table 7 also reports estimates of the impact of 
the third child on husbands’ labor supply in 
the 1980 married sample. While the OLS es- 
timates show a small but significant (negative) 
relationship between husbands’ labor supply 
and additional childbearing, estimates con- 
structed using Same sex as an instrument gen- 
erate no evidence of any effects on the labor 
supply of men. The standard errors on the 
2SLS estimates for husbands’ variables 
Worked for pay, Weeks worked, and Hours/ 
week are actually smaller than the correspond- 
ing standard errors for women, and they are 
small enough so that modest positive or neg- 
ative effects could be detected if they existed. 

The labor-supply effects estimated using 
1990 data are remarkably similar to those es- 
timated for 1980. This can be seen in Table 8, 
which reports OLS estimates and 2SLS esti- 
mates for 1990 using Same sex and Two boys 
and Two girls as instruments. Some of the es- 
timated effects are slightly smaller in 1990 
than in 1980, but these differences are not sta- 
tistically meaningful. One difference between 
the 1980 and 1990 results that does seem note- 
worthy is the larger negative impact of child- 
bearing on married women’s earnings in 1990, 
perhaps because of an increase in women’s 
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wages. This result may also be attribyja aa 
the fact that married women are deji; $i 
childbearing (average age at first bini 
creased from 20.8 in 1980 to 22.4 in 947% 
this group), and therefore they have 
years of experience and higher wages w 
they exit the workforce due to childbing» 3 
Table 6 shows that mothers of two giiia Të 
more likely than mothers of two boys tp, aaa 
a third child. So the first-stage elainn 
fers for these two instruments. However’, 
2SLS estimates in Tables 7 and 8 show ġ 
the additional predictive power provided ie 
separating the two components of Same saan 
does not change the coefficient estimates ya Y. 
much or lead to an appreciable increase inm os 
cision using either the 1980 or 1990 dat f a it 
We noted above that the overidentificiwg 24 
test statistic associated with the use of: if i e 
boys and Two girls as instruments jointly ta 
for a difference between 2SLS estimates ones 
puted using only Two boys and 2SLS estima £ 
computed using only Two girls. The pee ži p ae 
for this test are reported in square bracket 
both Tables 7 and Table 8. The p-values pif 
the 1990 estimates suggest that it does notni 
ter which instrument is used. In fact, the 
estimates using Two boys and Two gii 
1990 are remarkably close. On the other buxg 
the 1980 2SLS estimates are consisten 
smaller when Two girls alone is used a P f i 
instrument. Moreover, some of the p-vall | | 
for estimates computed using 1980 data it% x 
cate a significant contrast between the f 
girls and Two boys instruments, hl 
marginal significance level is below 1 per if 
As in the 1990 data, however, in the 198008 
both instruments are always associated WE% 
more children and reduced labor suppl. Was : 
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D. Other Specification Issues 


Other specification issues considered bf x 
include the robustness of the results, mek ser 
erality of the results, and the validity of B ABE op X ota 
instruments. Because sex mix is essentie? ae 
randomly assigned, the results report®; $a Ee we 
Tables 7 and 8 are unchanged by altering? ae 
basic set of covariates. For example, tee 
data for married women from the 177% 
PUMS, we estimated models adding ee om 
lowing covariates to the vector w; : linea; 
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All women 


(2) 








(1) (3) 










OLS  2SLS 2SLS 
~— Same sex Two boys, 
Two girls 
3 Dependent variablé: io a 
Worked for pay 0.176  —0.120 ~0.113 
(0.002) (0.025) (0.025) 
| [0.013] 
-Weeks worked —8.97 —5.66 —5.37 
nee (0.07) (11) (1.10) 
ie [0.017] 
-6.66  —4.59 —4,37 
(0.06) (0.95) (0.94) 
: [0.030] 
—3768.2 —1960.5 —1870.4 
(35.4) (541.5) (538.5) 
i [0.126] 
stamates = te(Family income) -0.126  —0.038  ~0.045 
p-values Sera (0.004) (0.064) (0.064) 
ackets in Ei [0.319] 






alues for $: 
















ctn  Sisadard errors are reported in parentheses. 


g1 


, Qüadratic terms in the wife’s education, 
Quadratic terms in wife’s age, age at first 
irth, linear and quadratic terms in hus- 
jand’s age, husband’s age at first birth and 
uCation, linear and quadratic terms in hus- 


ply. nd’s labor income, and a full set of state 
5 ed variables.'* In these models, the 
25 weds estimates (standard errors ) of the 


s, the gel E -=b 027); Weeks worked, -5.45 (1.18); 
lity of week, —5.04 (0.99); Labor income, 
>ssenti “74 (555). All of these values are within 
sported. ; 

Itering t" 
iple, usiB bii l 

the 19 aR of these Covariates, years of education and hus- 
ng th oa OS, are potentially endogenous because they 


Pa, determined by fertility. For this reason, they 
uced from the main set of estimates. 









Husbands of married women 


mD. (8) (9) 


Married women 


(5) 





(6) 












(4) 










OLS 2SLS 2SLS OLS 2SLS 2SLS 
—- Same sex Two boys, — Same sex Two boys, 
Two girls Two girls 
-0.167 -0.120 -0.113 -0.008 ~ “0.004 0.00177 ~ 
(0.002) (0.028) (0.028) (0.001) (0.009) (0.008) 
[0.013] [0.013] 
—8.05 ~5.40 —5.16 ~0.82 0.59 0.45 
(0.09) (1.20) (1.20) (0.04) (0.60) (0.59) 
[0.07 1} [0.030] 
—6.02 ~4.83 —4.61 0.25 0.56 0.50 
(0.08) (1.02) (1.01) (0.05) (0.70) (0.69) 
[0.049] [0.71] 
—3165.7 ~—1344.8 ~1321.2 -1505.5 —1248.1 — 1382.3 
(42.0) (569.2) (565.9) (103.5) (1397.8) (1388.9) 
[0.703] (0.549) 
—0.132  —0.051 —0.053 — — — 
(0.004) (0.056) (0.056) 
[0.743] 
—0.053 0.023 0.016 — — — 
(0.005) (0.066) (0.066) 
[0.297] 





2 Neies: The table reports estimates of the coefficient on the More than 2 children variable in equations (4) and (6) in the text. Other covariates 
t. -the models are Age, Age at first birth, plus indicators for Boy Ist, Boy 2nd, Black, Hispanic, and Other race. The variable Boy 2nd is 
excluded from equation (6). The p-value for the test of overidentifying restrictions associated with equation (6) is shown in brackets. 


5 percent of the corresponding estimates 
from Table 7. 

A referee and others who read earlier ver- 
sions of this paper expressed concern about 
whether the results are likely to be represen- 

“tative of the impact of childbearing in gen- 
eral since the sample is restricted to women 

with two or more children. and to women in 

-va'relatively young age-group. Estimates of 

“the effect of going from two to more than 

` two children do not necessarily generalize. 
On the other hand, we believe these results 
are likely to be of general interest because a 
significant fraction of the change in fertility 
between 1970 and 1990 was due to reduc- 
tions in the number of women having more 
than two children. As noted in Section I, this 
fact is apparent in Census data on completed 
family size. 
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All women Married women Husbands of married won ces ia P. 
i a 
(1) (2) (3) (4) (5) (6) 1) (8) =: er ES 
Estimation method OLS 2SLS 2SLS OLS 2SLS 2SLS OLS 2SLS 2} Pi a 
Instrument for More — Same sex Two boys, — Same sex Two boys, — Same sex Two 
than 2 children Two girls Two girls Twos 
Dependent variable: | 
Worked for pay —0.155 —0.092 —0.092 —0.147 —0.104 —0.104  —0.102 0.017 
(0.002) (0.024) (0.024) (0.002) (0.024) (0.024) (0.001) (0.009) 
[0.743] [0.576] 
Weeks worked —8.71 —5.66 —5.64 —8.25 —5.76 —5.76 —1.03 1.01 
(0.08) (1.16) (1.16) (0.09) (1.15) (1.15) (0.05) (0.63) 
[0.391] [0.670] 
Hours/week —6.80 —4,08 —4.10 —6.39 -3.94 —3.95 —0.06 0.85 
(0.07) (0.98) (0.98) (0.07) (0.96) (0.96) (0.05) (0.69) 
[0.489] [0.665] 
Labor income —3984.4 —2099.6 —2096.2  —3753.9 —2457.5 —2456.3 929.7 1348.7 3 
(44.2) (664.0) (663.8) (50.7) (669.7) (669.7) (114.9) (1536.0) (158% 
[0.830] [0.893] Th 
In(Family income) —0.119 —0.124 —0.122 —0.103 —0.054 —0.054 — — 
(0.005) (0.071) (0.071) (0.004) (0.051) (0.051) 
[0.270] [0.878] ran 
In(Non-wife income) — — — —0.004 0.020 0.020 — — 
(0.005) (0.068) (0.068) 
[0.452] 


Notes: The table reports the coefficient on the More than 2 children variable in equations (4) and (6) in the text estimated with 1990 Ce 
data. Other covariates in the models are Age, Age at first birth, plus indicators for Boy Ist, Boy 2nd, Black, Hispanic, and Other race. Ff 







variable Boy 2nd is excluded from equation (6). The p-value for the test of overidentifying restrictions associated with equation (6) is S% f ae rt 


in brackets. Standard errors are reported in parentheses. 


The sample was restricted to women under 
the age of 35 because nearly all children born 
to women in this age-group are still at home. 
Relaxing this restriction, a greater fraction of 
women with two or more children are lost be- 
cause the oldest child is increasingly unlikely 
to be at home. We note, however, that the re- 
sults are not very sensitive to this sample- 
selection rule. For example, expanding the 
age-group to include women up to age 45 in 
the 1980 data, the sample size increases to 
552,606 observations. The resulting 2SLS es- 
timate (standard error) of the effect of the 
More than 2 children variable in the Worked 
for pay model is —0.096 (0.021) in the all- 
women sample. 

A final point is that because Same sex is an 
interaction term, the 2SLS estimates were 
computed using a model that controls for ad- 












ditive effects of sı and s2. This specifica i 
was motivated by a concern with the vait% 
of the instruments and possible omitted eg TE 
ables bias. It is useful to know whethet.& 
control for these. additive effects is impo 
because if it is, identification turns on our 
ity to distinguish. additive effects from nei ee’ 
teraction term.. Moreover, when using ii A Ee 
boys and Two girls as separate instruments, iat 
must drop one of the additive effects. AS‘ | Estsk 
turns out, the 2SLS estimates are virtually 
variant to the inclusion of regressors that ¢ 
trol for the sex of each child." The coeffici Ka 
(standard errors) on the More than 2 chi" 3E Ni 
variable in the Worked for pay, Weeks ae fag 
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fees rTours/week equations change by no more 
"ta percent. There is also little evidence of 
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ae a $ E829 Jabor supply. The only significant sex ef- 
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3 eterogeneity in.the Impact of Children 


(0.00; $: f 

10.98 F ‘number of theoretical models describe 
ai chow the impact of children on labor supply 
0s) (2-5. might vary with the wages or schooling of hus- 

(0-708 2" hands or wives. For example, Angrist and 


08 E “Hans (1996b) outline a version of Gronau’s 
os (1977) model of market work and home pro- 
üetion that incorporates child quality effects 


at ath 


ithe sort discussed by Becker and Lewis 


1973). This model predicts that higher own 
Wages of either partner magnify the labor- 


Soar 


supply consequences of childbearing, al- 
q.-zthough there are no cross-wage effects.’° 
‘Gronau’s survey paper (1986 p. 287) refers to 


-A number of empirical studies consistent with 


n kes 


f: thls prediction, showing that the labor supply 
. {c< 9f more educated women is more sensitive to 
990 Cena 28 presence of children than the labor supply 


foetal ofléss educated women. Earlier, Gronau 
18 snowt Bi 


F<: (1973 p. S170) reported finding that the effect 
: Offa child on his mother’s value of time in- 


Es Aeases with the mother’s education. On the 
E. Ac gther hand, an assumption implicit in most em- 


ification BL pittcal labor-supply models, where the focus 
1hce i gison Wage effects and not the consequences 
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i (see, e.g., Thomas A. Mroz, 1987). 
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We use the Same sex instrument to explore 
the question of how the labor-market conse- 
quences of childbearing varies with the earn- 
ings or earnings potential of husbands and 
wives. Panel A of Table 9 reports OLS and 
2SLS estimates of the effect of More than 2 
children on married women, conditional on 
the position of their husbands in the husbands’ 


_earnings distribution. The first column shows 


the first-stage relationship between More than: 
2 children and Same sex, interacted with dum- 
mies that indicate whether husbands’ earnings 
are in the upper third, middle third, or lower 
third of the earnings distribution. These esti- 
mates show that the effect of Same sex on fer- 
tility is increasing in husbands’ earnings. For 
women with high-wage husbands, however, 
2SLS estimates of labor-supply effects are 
smaller and they are not significantly different 
from zero. Note that average participation 
rates do not decline enough with husbands’ 
earnings to account for the decline in the mag- 
nitude of the coefficients among women with 
high-wage husbands. It 1s also worth noting 
that the OLS estimates do not decline nearly 
as much with husbands’ earnings as do the 
2SLS estimates. 

It is not possible to analyze labor-supply ef- 
fects conditional on women’s wages because 
wages are unobserved for women who do not 
work. But we can condition on schooling, which 
is an important predictor of individual earnings 
potential. This is done in Panel B of Table 9 for 
marned women in the 1980 sample with less 
than a high-school education (18 percent of the 
sample), high-school graduates (49 percent of 
the sample), and more than a high-school edu- 
cation (33 percent of the sample). The reduced 
forms show a strong association between Same 
sex and fertility in each schooling group, al- 
though the effect is about 1 percentage point 
smaller for mothers in. the highest education cat- 
egory. The 2SLS estimates suggest that women 
with relatively low levels of schooling experi- 
ence the largest effects of children on labor sup- 
ply. In contrast, there is no Statistically 
significant association between additional child- 
bearing and labor supply for women with more 
than a high-school education. As with the esti- 
mates that condition on husbands’ earnings, the 
variation in 2SLS estimates by schooling group 
differs from the variation in OLS estimates, 
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TABLE 9—2SLS ESTIMATES OF LABOR-SUPPLY MODELS WITH INTERACTION TERMS USING 1980 CENSUS Dai 


a 


(3 : 
mt 
N aila BE 


More 
than 2 Worked for pay 
children 


Weeks/year 


Mean of 
dependent E 
variable OLS 2818 Fila 


Mean of 
First dependent 
Sample/variables „stage variable 





OLS ’ 2SLS 


woe ~ . 


Pe oon, A a o] 


graduate 


- A. Results for wives by husband’s earnings:™ `> 
, Bottom third of 0.057 0.570 


husband's 
earnings 
distribution 


(0.003) 


Middle third of 0.072 0.569 
husband's (0.003) 
earnings 
distribution 


$ 


Top third of 0.079 0.448 
-husband’s (0.003) 
earnings 
distribution 


B. Results for wives by wife’s education: 


Wife < high-school 0.071 0.468 
graduate (0.004) 


_ Wife high-school 0.073 0.524 


graduate (0.003) 


Wife > high-school 0.063 0.567 
graduate (0.003) 


—0.186 
(0.003) 


—0.165 
(0.004) 


=0.152 
(0.003) 


—0.150 
(0.005) 


—0.156 
(0.003) 


—0.179 
(0.004) 


—0.122 
(0.060) 


~0.185 


(0.047) 


—0.078 


(0.042) 


=0.12] 
(0.064) 


—0.147 
(0.038) 


—0,082 
(0.054) 


21:1 


20.8 


132 


16.1 


19.2 


20.4 


023 
(0.15) 


—8.31 
(0.15) 


—6.76 
(0.15) 


—7.30 
(0.20) 


—7.74 
(0.13) 


—8.33 
(0.15) 


C.. Results for wives by wife’s education for women whose husband’s earnings are in middle third: 


Wife < high-school 0.079 0.481 
graduate (0.008) 


Wife high-school 0.076 0.551 
graduate (0.004) 


Wife > high-school 0.062 ` 0.640 
.,.. (0.006) 
D. Results for husbands by wife’s education: 
Wife < high-school. , 0.071, 0.945 
graduale. _ _ (0.004) 


Wife Bish acliabi: “>. 0.074 0.981 
graduate :- (0.003) 


Wife > high-school 0.063 0.987 
(0.003) 


—0.138 
(0.009) 


~0.157 
(0.003) 


—0.184 
(0.006) 


—0.014 
(0.001) 


~—0.005 
(0.001) 


—0.002 
(0.001) 


=0,275 
(0.109) 


—0,189 
(0.060) 


—0.125 
(0.098) 


—0.013 
(0.020) 


0.005 
(0.012) 


0.009 
(0.016). 


16.7 


20.3 


49.2 


graduate . ` i e 
aaa aa a E S 


Notes: The table reports estimates of the coefficient on More than 2 children in equation (4) in the text, modified t0 oy 
interactions with wives’ schooling and husbands’ education as indicated. Main effects for each interaction variable srt 
earnings distribution and wife’s education) are included in the equation. Other covariates in the models are those lis 
the notes to Table 7. Data are from the 1980 married women and husband samples. Standard errors are reported in parent a P 
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A 


i ee Show effects that increase in magnitude 
Pec schooling increases. © — 

Minecause mothers’ education and hus- 
“eee. wages are correlated, it is not clear 
Da Pe ether a set of estimates that condition on 
X (52 hands’ earnings and a set of estimates 
‘at condition on mothers’ education are 
apturing distinct phenomena. We therefore 
present estimates by mothers’ education 
gup in a sample restricted to women whose 
‘asbands have earnings in the middle third 
if:the earnings distribution. Again, the 
ISES estimates suggest that the impact of 
childbearing on labor supply declines as ed- 
ication rises, contradicting a theoretical 
wediction and the OLS estimates, both of 
which suggest that the labor supply of more 
ducated women responds more to the pres- 
nce of children. This finding is even more 
remarkable when viewed in light of the fact 
ihat participation rates increase with moth- 
ts: schooling. It should be noted, however, 
“that: while the results by education group 
iffer substantially, and the pattern of 
‘differences is consistent across outcomes, 


ote te y 


the estimates for subgroups are not very 
précise. 

“The last panel in Table 9 (Panel D) reports 
@timates for husbands, conditional on wives’ 
-education. OLS estimates of labor-supply ef- 
fects for husbands are small and negative, and 
‘they decrease in magnitude as wives’ school- 
te ‘ing increases. As with the overall estimates for 
6 \htisbands in Table 7, the 2SLS estimates for 
; -t insbands in Table 9 are small and not signif- 


e few different from zero. 






















ee 
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Z 
aie. 


al ng 10 reports estimates conditional on hus- 


as for 1980, showing 2SLS estimates that de- 


zeal magnitude with husbands’s earnings and 


BY ie ce Schooling, while. the OLS estimates for 
we Died es = 


i ds of women who are high-school 

xd : grad- 
why aed 0.053 (0.023) for husbands of women 

sat graduate high school. The effect on 


weeks worked is also significantly different from 
zero for the husbands of high-school graduates. 
These estimates suggest a possible change in 
husbands’ labor-supply response to childbearing 
between 1980 and 1990, at least for some 
groups. On the other hand, the 1990 husband 
effects are still less than half the size of most of 
the corresponding estimates for women, and 
they appear even smaller when viewed in light 
of-the greater degree of Jabor-force attachment 
among husbands. 


Iti. Comparison with Estimates 
Using Multiple Births 


The most important source of exogenous 
variation in fertility used in fertility research to 
date is twinning. Rosenzweig and Wolpin 
(1980b) used 87 U.S. twin pairs to estimate 
labor-supply effects, and Rosenzweig and 
Wolpin (1980a) used 25 twin pairs from India 
to estimate the effect of family size on school 
progress. Bronars and Grogger (1994) were the 
first to study the consequences of multiple 
births with Census data. They used twins in the 
1970 and 1980 PUMS to estimate the effect of 
additional childbearing on mothers’ labor- 
market status, though most of their estimates 
are for unwed mothers. Gangadharan and 
Rosenbloom (1996) also used Census twins to 
estimate the reduced-form effect of twinning on 
labor-supply variables, but they fail to scale the 
reduced-form effects of twinning into effects of 
childbearing. These studies focused almost ex- 
clusively on twinning at first birth. An excep- 
tion is the Bronars and Grogger study, which 
also briefly discusses (p. 1149) some estimates 
using twins at second birth. 

A twin second birth is similar to the Same-sex. 
instrument in ‘that it can be used to measure the 
consequences of moving from two to three chil- 
dren. We. noted in the discussion of Table 4, 
however, that the use of twins as an instrument 
may be problematic since twinning probabilities 
appear to be correlated with some observed 
characteristics of the mother. On the other hand, 
if the demographic characteristics associated 
with twinning are all observed, then these factors 
can be controlled in 2SLS estimation. 

2SLS estimates using Same sex and Twins- 
2 are compared in Table 11. As in Table 7, 
the models used to produce these estimates 
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A. Results for wives by husband’s earnings: 


Bottom third of 
husband’s 
earnings 
distribution 


Middle third of 
husband’s 
_ earnings 
distribution 


Top third of 
husband’s 
earnings 
distribution 


B. Results for wives by wife’s education: 


Wife < high-school 
graduate 


Wife high-school 
graduate 


Wife > high-school 
graduate 


Wife < high-school 
graduate 


Wife high-school 
graduate 


Wife > high-school 
graduate 


D. Results for husbands by wife’s education: ' 


Wife < high-school 
graduate 


Wife high-school 
graduate 


Wife > high school 








Worked for pay Weeks/year 
Tne 
—. Mean of Mean of l cS 
_ First - dependent dependent E 
stage variable OLS 2SLS variable OLS 
0.064 0.668 —0.160  —0.129 26.3 -8.8 - 
(0.003) (0.003) (0.045) (0.15) 
0.076 0.728 ~0.133 ~0.151 29.8 ~8.09 
(0.003) (0.003) (0.039) (0.15) 
0.071 0.61 ~0.137 ~0.029 23.6. 597 oe re 
(0.003) (0.003) (0.040) (0.14) ree, 
0.069 0.531 -0.145  —0.257 19.2 “734 UE bale 
(0.004) (0.004) (0.061) (0.20) QE 
0.078 0.661 ~0.140 ~0.100 26.3 ~8.07 eT 
(0.003) (0.003) (0.035) (0.14) ecg 
0.064 0.718 —0.147 —0.058 29.1 —8.43 if 
(0.002) (0.003) (0.038) (0.13) X 
C. Results for wives by wife’s education for women whose husband's earnings are in middle third: 
0.073 0.579 ~0.128 ~0.279 21.7 ~6.92 
(0.008) = (0.008) (0.097) . (0.37) 
0.082 0.707 —0.122 —0.204 28.8 —7.62 
(0.004) = (0.005) (0.052) (0.23) 
0.071 0.795. ~0.130 —0.071 gia —8.40- 
(0.004) = (0.005) (0.060) (0.28) 
0.069 0.919 ~0.033 0.053 42.3 ~2.36 
(0.004). — (0.002) (0.023) (0.11) 
0.076 0.971 —0.007 0.031 47.3 —0.70 
(0.003) an (0.001) (0.013) (0.07) 
0.064 0.982 ~0.004 —0.014 48.7 —0.41 
(0.002) aei (0.001) (0.014) (0.07) 


graduate 


interactions with wives’ schooling and husbands’ education as indicated. Main effects for each interaction variable (hus% 
earnings distribution and wife’s education) are included in the equation. Other covariates in the models are those 15. 
the notes to Table 8. Data are from the 1990 married women and husband samples. Standard errors are reported in pares; 
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: (1) (2) 
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= aa than 2 children Same sex Twins-2 

at variable:- -~ 0.125 0.079 

or pay —v- So 

f (0.026) (0.013) 

E: worked —5.82 -3.64 
ea (1.15) (0.60) 

—4,76 —~3.33 
(0.98) (0.51) 

r income ai 1961.7 Taz 1262.2 
a (560.5) (292.8) 

2 'ta(Family income) -0.021°  —0.071 
a ` (0.067) (0.035) 
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_ TABLE 11—COMPARISION OF Z2SLS ESTIMATES USING SAME SEX AND TWINS-2 INSTRUMENTS 
IN 1980 Census DATA = = 





Married women Husbands 
(1) (2) (1) (2) 
Same sex Twins-2 Same sex Twins-2 
—0.123 ` ™—0.087> 0.004 -- - —0.001 
(0.028) (0.017) (0.009) (0.005) 
—5,47 —4.21 0.65 —0.35 
(1.23) (0.7D) > (0.61) (0.36) 
—4.91 —3.49 0.57 —0.49 
(1.03) (0.61) (0.71) (0.42) 
— 1329.8 — 1453.1 —1194.8 616.8 
(579.1) (339.8) (1421.4) (836.9) 
—0.049 —0.025 — = 
(0.057) (0.033) 
0.026 0.051 = N 
(0.068) (0.040) 
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PE 


“a9 Feported in parentheses. 
a RE TE. - 


sinelude exogenous covariates to control for 
‘others’ age, race, age at first birth, and the 


EUR 


£547 
an 


g 
wats 368 

bare aa 
- Xt 


ugh to be Statistically significant for many 
a “individual coefficients, the comparison 
timates strongly suggests these two 
sucks have different effects. l 
A likely explanation for the smaller 


ge Tt 


$ me EF * ++ 
ans~2.effects is that, conditional on the 


: Š ia t a à 7 ® 
Sch the second child, a third child who is _ 


Š 
H? i a 

} a 2 

4a. 
AN vo ca 

is : one 

he put f = 

at Se ate ia 
$ Š Lea 

1 EET cael 


Ea set reasons. This is because third chil- 
2 Eee ne born as twins are exactly the 
POS EE second children, while at least 


+ 


“usually longer must go by be- 


tween the second child’s birth and the birth 
of a non-twin third child. In the 1980 sample, 
for example, the average age of third chil- 
dren who are twins is 6.4 years while the 
average age of other third children is five 
years. Regression-adjusting for the covaria- 
tes used to construct the estimates in Table 
10, the age gap between twins and other third 
children grows to about 2.5 years. This dif- 
ference in ages has implications for labor- 
supply estimates constructed using Same sex 
and twins instruments if the effect of chil- 
dren on labor supply is larger when the chil- 
dren are younger. 

We use the following model to check 
whether differences in the Same sex and 
Twins-2 2SLS estimates can be explained by 
differences in the ages of third children. The 
equation of interest is 


(8) Yi = AoW; + QS); + ASau + O34); 


+ 040); + BX; + E, 


“ 
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TABLE 12—2SLS AND 3SLS ESTIMATES OF TWO-PARAMETER LABOR-SUPPLY MODELS USING 1980 Census Dig a 


Worked for pay Weeks/year 
Not Not 
Variable restricted Restricted restricted Restricted 
A. Instruments: Same sex and Twins-2 
Bo = ~§,191 . —0.178- -- +8§8.94 - —8.24 
(0.066) (0.059) (2.91) (2.72) 
Pi 0.015 0.013 0.724 0.616 
(0.096) (0.009) (0.429) (0.398) 
a* 12.4 13.4 12.3 13.4 
(3.69) (4.38) (3.42) (4.38) 


B. Instrument: Same sex (restricted a* = 13.4) 


Bo = —0.184 — ~8.58 
(0.038) (1.69) 

C. Instrument: Twins-2 (restricted a* = 13.4) 

Bo — —0.174 — —8.02 
(0.030) (1.32) 


- Hours/week 
Not 
restricted . Restricted 
—6.79 am) 22° 
(2.48) (2.38) 
0.473 0.540 
(0.366) (0.348) 
14.4 13.4 
(6.03) (4.38) 
— — 7.01 
(1.44) 
— — 7.35 
(1.13) 





JUNE t 


N 





Labor i income 


Not 
restricted 


Notes: Panel A of the table reports 2SLS and 3SLS parameter estimates for equation (10) in the text. Same sex and To i 
2 are both used as instruments. The restricted models in Panel A force the parameter a* (the age at which a T 
effects decay to zero) to be the same for all four dependent variables in joint estimation using nonlinear 3SLS. F 









and C report 2SLS estimates of equation (11) using the Same sex and Twins-2 instruments separately. Other covarig a E, 
in the models are listed in the notes to Table 11. The data are from the 1980 Census all-women sample. Standarden i fara 


are reported in parentheses. 


where a; and az are the ages of the first two 
children. The coefficient 6; is now an indi- 
vidually varying causal effect that depends 
on the age of the third child. In acta 
we assume 


' (9) Bi = Bo + Bili, 


where ay is equal to the age of the mothers’ 
third child for women who have a third child 
and is equal to zero otherwise. Combining (8) 
and (9) generates the estimating equation, 


(10) Yy: = Gow; + Qu + QS + 30); 

+ 4a; + Box; + B\(a3;:x;) + Ei. 
Assuming that differences in az; are the only 
reason why the Same sex and Twins-2 instru- 


ments generate different estimates, we can use 
both instruments to estimate the coefficients 

















ao . 
ste Gee 


on the two endogenous regressors in (1 ne 
and 3; Xi . Das 

2SLS estimates of £, and £, are reportaoms 
Table 12 for the full 1980 sample, wheres 4 


was measured to the nearest quarter fo ME a5” 
purposes of estimation. All of the estimates yas Sib; 
Bo are negative and ali of the estimates off Bikcatsr 
are positive, suggesting that the negative i P tloeely..< 
pact of childbearing declines as the third Cay iae iM 


ages. The table also reports estimates of eee 
value of az; at which £; = 0; this is a* = -PE MAA 
bı. Estimates of a* are 12.4 years for eA 2: 
on Worked for pay, 12.3 years for effects! E ey 
Weeks worked, 14.4 years for effects $ ce Th 
Hours/week, and 12.8 years for effects 00: fias 
bor income.'° We also estimated a* undeit E tawes 


' The linear model for £; is obviously an appl": Sitaeaae Ree Fen 


tion since it implies that the effects of sae we 


J ip 

ae i i 
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Bo that G,a* = —f, with the same 
a 4 of a* across all four dependent vari- 
Pepe: fies The estimation method for this model is 
pree-stage least squares (3SLS ). The re- 
a: = ted estimate i is 13.4 with standard error of 
Ri IT Imposing this restriction leads to slightly 

2% ier standard errors for the estimates of 6o 
3. The test statistic for this restriction, 
x (3) under the null hypothesis 


i ale 0.79, which has a p-value of about 0.86. 
To. “further illustrate how this model recon- 
ag the Same sex and Twins-2 estimates, note 
t — Byola*, we have 


7h. 
TELERI 


! a dependent variables. This suggests that 
; -model of the effect of childbearing em- 
êd in (9), combined with the restriction 


it B,. decays to zero at age 13.4, does a good 


cafes 


atx 


Of reconciling the Same sex and Twins-2 
ee Sun tes.” 
tee Differences in the age of the third child 
-€0nstitute one of many possible explanations 
the contrast between the Same sex and 
4 -2 estimates. For example, there may 
economies of scale in parenting two chil- 
OF; the same age. On the other hand, 
Hoscly:spaced young children may require 
attention than an older child and a 










is approximation seems harmless since only 
of third children are older than 13 in our 
the oldest mother is aged 35). 
= ~ ol B, using the coefficient estimates 
rae then the Same sex and Twins-2 esti- 
eit? for any equation will necessarily be iden- 
a i = = oe with a* fixed at 13.4 is to 
RN tra free parameter reconciles all four of 
ins-2 estimates. 


younger child. It is worth noting, however, 
that the model outlined in this section also 
serves to explain why the twins estimates re- 
ported by Bronars and Grogger (1994) for 
married mothers are smaller than the Same 
sex estimates reported here. When Bronars 
and Grogger use twins to estimate the effects 
of childbearing conditional on the age of the 
first child (and hence on the age of the twin), 
they find effects on the labor-force`partici- : 
pation rates of mothers of children aged 0- 
3 remarkably similar to the Same sex esti- 
mates, with no effects for the mothers of 
children aged 10-13 (see Table 4 in Bronars 
and Grogger, 1994). Because second-born 
twins are younger, on average, than firstborn 
twins, age differences could also explain 
why the effects of twins at second birth 
briefly mentioned by Bronars and Grogger 
in the text of their article (p. 1149) are larger 
than their estimates of the effects of twins at 
first birth.'* 


IV. Implications for the Increase in 
Female Labor Supply 


At the turn of the century, less than 20 per- 
cent of all workers were women. Today, 
women make up almost half the workforce 
(Goldin, 1990). A number of researchers 
have attempted to decompose the rise in the 
female labor-force participation rates into 
components attributable to demand and sup- 
ply shifts. For example, Mincer (1962) con- 
cluded that 90 percent of the rise in postwar 
labor-force participation of married . women 
can be attributed to an increase in demand. 
James P. Smith and Ward (1984) also found 
that demand characteristics can explain a ma- 
jority of the increase in total hours worked by 
all women in between 1850 and 1980. In con- 
trast, Goldin.(1990) argues that shifts in sup- 
ply explain about half of the change in female 


'8 The fact that the Bronars and Grogger estimates are 
less precise than the twins estimates reported here is likely 
due to their having drawn a 1-percent sample of singleton 
births for the comparison sample. Note also that Bronars 
and Grogger’s estimates are for the reduced-form impact 
of twinning; for purposes of comparison, these estimates 
should be scaled up by dividing by the twins first-stage 


effect (about 0.68 in their data). 
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labor-force participation between 1960 and 
1980. 

Declining fertility represents a potentially 
important supply shifter that might account for 
some of the increase in female labor-force at- 
tachment. How much of the trend in labor- 
force attachment iw the population we have 
studied can be accounted fōr by reduced child- 
bearing beyond the second child? Table 1 
showed that the probability of having more 
than two children for women aged 21—35 with 
at least two children fell by 16.5 percentage 
points between 1970 and 1990, a drop of about 
30 percent. At the same time, labor-force par- 
ticipation rates rose by 21.8 percentage points, 
a 49-percent increase. Similar statistics for 
other groups reported in Table 1 show that our 
sample is not unusual in experiencing these 
trends. 

Using the Same sex 2SLS estimate of the 
impact of More than 2 children on Worked for 
pay from Table 7 (—0.119), declining fertility 
can account for an employment increase equal 
to 0.165 x 0.12, which is about 2 percentage 
points. This calculation suggests that even 
though childbearing clearly affects labor sup- 
ply, the i increase in female labor-force partic- 
ipation has been so large that declining fertility 
can explain only a small fraction of the overall 
change. 


V. Conclusions 


Economic models of household behavior 
generate a rich variety of predictions and theo- 
retical relationships, few of which have been 
conironted with credible empirical evidence. 
The evidence reported here is unique in that it 
derives from plausibly exogenous sources of 
variation in family size. However, the empir- 
ical results probably raise as many questions 
as they answer. 

2SLS and IV estimates that exploit the fer- 
tility consequences of sibling sex composi- 
tion and twinning both confirm the OLS 
estimates showing that children lead to a re- 
duction in female labor supply, although the 
OLS estimates appear to exaggerate the 
causal effect of children. This is probably not 
too surprising, at least not to the mothers of 
small children. What is surprising is that the 
effects of children on labor supply appear to 


-lârge for more educated women. Our ¢ 

























be much smaller and possibly even aji SSII 
among college-educated women and wai ved =. C a 
whose husbands have high wages. This i Š | 
contradicts the predictions of some thet 
of household time allocation as well ag 
OLS results, which suggest that the 
supply consequences of hw 


mates consistently show that the labor-mag. Ue Dedi, Bi 
consequences of childbearing are more liu RAe 
to be severe for poor and less educi 
women. i 
Equally important is the finding that hk -ta 
bands change their labor-market behai j i Peek 
very little in response to a change in fank aros 
size. Even the husbands of well-educated a 
relatively well-paid women do not chap : 
their work habits in response to the birt df : K A 
child. Thus, families absorb the cost of c tana.. 
for a third child either through a reduction 
wife’s earnings or by purchasing child 2 
services from nonfamily providers. If adi F onè } 
tional childbearing does lead husbands top: ge. 
additional time into home production of chig 
care, this is done at the expense of the i $ 
band’s leisure time and not through a reg +s 
tion in his work effort. We also find i 3 Fas ang. 
evidence of an increase in husbands’ eami aa 
that would offset the decline in wives’ $- 
ings. In spite of the increase in worn [eine 
wages and labor-force participation rates ORagomy,. 
ing the period studied here, the labor-may 442 
behavior of most married men appear i : 
have remained largely insensitive to the nee 
ber of children. 
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Does European Unemployment Prop Up American Wagës 
National Labor Markets and Global Trade Be 


By DONALD R. DAvis* 


~. Lconsider trade between a flexible-wage America and a rigid-wage Europe, * 
In a benchmark case, a move from autarky to free trade doubles European ` 
unemployment. American wages rise to the European level. Entry of the un-:* 
skilled ‘‘South’’ to world markets raises European unemployment. Europe’s ` 
commitment to the high wage wholly insulates America from the shock. Im- è 
migration to America raises American income, but lowers European income * 
dollar for dollar, while European unemployment rises. Absent South—North * 
migration of the unskilled from 1970-1990, Europe could have maintained k 
the same wage with from one-eighth to one-fourth less unemployment. (JEL ` : 


F11, J31, E24) 


I. A Global Approach 


In recent years, factor market developments 
in the United States and United Kingdom have 
contrasted sharply with those in continental 
Europe. In the United States and United King- 
dom, the relative wage of the unskilled has 
declined significantly. In the span of a decade 
(1979—1989) the wage of a U.S. worker in the 
90th percentile relative to that of one in the 
10th percentile rose by over 20 percent 
(Richard B. Freeman and Lawrence F. Katz, 
1995). This rising wage inequality was much 
less evident in continental Europe. However, 
unemployment has risen sharply in Europe. 
The early postwar decades are now thought of 
as a ‘‘Golden Age” for Europe, with unem- 
ployment rates of 2 to 3 percent. Beginning in 
the 1970’s these rates have climbed dramati- 
cally, reaching double digits in many of these 
countries (Center for Economic Policy Re- 
search [CEPR], 1995). 
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An extensive empirical literature has 6d cr i 
sidered the provenance of these factor má A pe 
developments. The studies are of two pralracas; 
pal types (Freeman and Katz, 1995). Thej aire 
dividual country studies provide af 
account of local developments in ins : 
tions, factor supplies, and demand conditwiii p 
The comparative (cross-country) studielé y 
stract from local idiosyncracies to seart! E ii 
common themes. However, even the coti siio 
ative studies suffer from an important! ing i ie 
back: they remain a collection of indivi aeS 
stories. They do not pretend to providead re 
mon framework—and the consistency eg 
enforces—to provide a unified account: jhe 

This suggests the value of a third app Le Fy 
which may be termed ‘‘global.”’ It is; Eat 
first instance, a general equilibrium 
Consistency is enforced by the fact thali 
is a simultaneous determination of eq il 
in all of the factor markets. Naturally, Ug 
bility limits the degree of local institutio#’y aa 
tail that may be considered. Considering 
important differences in factor market 
tions will nonetheless be an important © gi 
of such an approach. a 

However, a global approach is mor TT: 
just general equilibrium. It aims at *2eer, 
explanation of very divergent exp?" FERM 
There are two reasons for seeking SUC ARAMA 
fied account. First, many of the shocks; Jaane? 
the industrial ‘‘North’’ are comm oi i 
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ges? Psy 1 ge ie the entry to the integrated world present work is the explicit focus on factor 

pony of important new trading partners markets in both countries, and particularly on 
we i he newly industrializing ‘‘South.’’' If their interaction owing to their link via trade 
s; H vite tare to believe such accounts, we need to in goods. 


t 
A 


~ a Bes how these shocks interact with a variety of This paper coniirms that national factor 
Ba “ical institutions. A more subtle—but by this market institutions matter. They profoundly 

jf, nore important—reason for.considering a affect global patterns of output, employment, 

pe. ; a w lobal approach is that the consequences even and wages. Surprisingly, though, in the present 
oan purely local institutions and shocks.often. . context they have no power in accounting for_ 
ve ; Ee apend crucially on the links to the global cross-country differences in the evolution of 
aS Fé market. relative wages. Often forgotten in this context 
Im: nS ¿The paper joins two elements that have fig- is that even countries with distinctive factor 
ame èd prominently in these discussions, but market institutions are linked by world com- 
orth hose implications have not previously been modity prices and producers’ zero profit con- 
nea ““agarked out in a consistent manner. The first is ditions. Hence an account of the observed 
JEL Rest: stylized characterization of America asa wage trends must move beyond an appeal to 

. a | flexible-wage economy, and Europe as an local institutional differences. 

+ Beto) omy in which a variety of institutions — This paper is comprised of seven parts. Sec- 
f galons, explicit minimum wages, etc.— tion II examines the consequences of differing 

> e smake wages more rigid.? The second is the labor-market institutions for countries linked 

are has co E Heckscher-Ohlin model, widely acknowl- by world commodity trade in homogeneous 
actor marke | edged to be the appropriate framework for goods. Section IH examines the contrasting 
f two pring Șt% sgamining movements in relative wages (Paul impacts on the stylized America and Europe 


95). The it  R.iKrugman, 1996). posed by the appearance of newly industrial- 
vide a rdf ne “Thus, we will build a model of world trade izing countries. Section IV examines the ef- 
s in insti between a flexible-wage America and a fects of factor accumulation in the two 
d condition ¥ ‘:ilnithum-wage Europe. In doing so, we build countries on wages and unemployment. Sec- 
) studies $; oy the classic work of Richard A. Brecher tion V considers the implications of South- 
to search it: (1974a, b). The America versus Europe di- North migration for unemployment in Europe. 
ı the compë }: (A shotomy has been featured in a variety of | Section VI returns to the issue of divergent 
rortant drak $: : eset work.’ The distinctive feature of the wage experience between America and Eu- 
of individui; eer 3 rope. Section VII concludes. 

rovide a come. 4 : 


ISIStEMCY UMM 2 et 2 Ii. National Labor Markets and Global Trade 
= account. .& Another source of common shocks—those due to 
vrd appro E: foggy technological change—is analyzed in Davis — 4, Unemployment in the Global Equilibrium 
It is, nt # There are alternative approaches to introducing un- : . , 
ibrium SiO g SMployment into general equilibrium trade models. For The aim of this paper is to develop a 
fact that WE ey. = coe ; Steven J. Matusz (1996) develops an elegant model of trade between two countries, one of 
of equiliba® Bi at vith hi Hts konopom son seal le pears ae which has flexible wages, while the other im- 
| Pte etition to show how the in- Daer +s : 
turally, a Reese market size due to fade can ae real ae pe Dee binding minimum wage on unskilled 
istitutiona’ se pe a tilibrium unemployment in both countries. This labor. It is convenient to develop this in three 
sidering “E ga à The FES for questions such as European integra- stages. The first considers a conventional 
market i =m "Soage Simpler model that is developed here, though, 
p ortant fent ‘en. essential elements of relative demand shifts 
K seen as the heart of recent developments in 
t ee and America. See, e. g., Kevin M. Murphy tt eae eT ae ee ee ee ee ee 
118 more 8 eet a employment in Europe. Their focus on homogeneous 
ns at a “cms p p T des Giuseppe Bertola and Andrea Ichino labor suggests a story of growing within-group dispersion. 
at experti- ae yas freeman =e Katz (1995), Krugman (1994, The remaining papers are closer to the approach of the 
jing suc i ood (1994). Bertola and Ichino de- present paper, focusing on heterogeneous labor. Here I 
> shocks = on that identifies rising volatility provide a consistent general equilibrium model integrating 
S ‘ae JOCKS as a potential account of the grow- the flexible/rigid dichotomy in the context of heteroge- 
common”, | ean in the United States and rising un- neous labor. 
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two-sector general equilibrium model of a 
closed economy and establishes some relations 
that are key to later analysis. The second in- 
troduces a binding minimum wage within the 
closed economy. Finally, I show the isomor- 
phism between this economy and the two- 
country trading world of interest.’ 

Consider a closed flexible-wage economy. 
There are two factors of production: skill and 
labor (also termed the unskilled). They are 
available in fixed supply given respectively by 
HY” and L” (shortly these will be the world 
endowments of a two-country world). These 
are used to produce two goods under constant 
returns to scale. Assume that at any common 
factor prices, good X is skill intensive relative 
to Y. Assume that preferences are homothetic, 
and that both goods are necessary in con- 
sumption. Let w be the return to labor, r the 
return to skill, and P the relative price of X in 
terms of Y. Then the competitive cost condi- 
tions insure that for each sector price equals 
unit cost: 

(1) cxy(w,r) =P cy(w,r) = 1. 

Assume that marginal products are always 
strictly positive. Then flexible wages insure 
full employment. Factor market clearing re- 
quires that employment in the two sectors 
equal the world endowment: 

(2) Ay+HAy=H" Ly + Ly = LY. 
By Walras’ law, goods market clearing is in- 
sured by equality of demand and supply of 
good X. 

Three relations are key to our analysis. The 
first is a relation between the price P in a 
closed economy and the endowment ratio, 
h” = H”/L”, of that economy. The 
Heckscher-Ohlin theorem insures that a rise in 
skill abundance reduces the relative price of 


* Two additional papers have independently considered 
two-country models with unemployment. N. Boccard et 
al. (1996) develop a political economy model focused on 
redistribution and ‘‘social dumping.’’ Paul Oslington 
(1996) considers trade patterns and ‘‘false’’ comparative 
advantage in a factor price equalization (FPE) setting, 
suggesting that transport costs may resolve indetermina- 
cies in the cross-country distribution of unemployment. 























the skill-intensive good. This relation’ 
expressed as: 


(3) P=d(h), where \'(h) <0, N A F 


The second is the Stolper-Samuelsoi g 
tion between goods prices and factor p: MEON. 
Given thé assumption that X is always ig “ph 
skill-intensive sector, this defines a mongers 
relation, of which I focus on only a Pat nae 
Stolper-Samuelson: a 


ay Wwe Wee PY Sa S à 


Thus given the endowment ratio of the ¢ cha 
economy, h”, one can determine ina i 
equilibrium goods price in the flexibles 
case, P7 = A(h”). Likewise, one can dig T 
the resulting flexible wage, w” = WP if 
WA(h”)), as well as the associated sii te a 
wage. These suffice to establish the. basic dii pez 
acteristics of the world equilibrium. E 

Į now introduce within the closed ecos r 
a binding minimum wage for labor at ay 
w* > w”. This will be consistent with ang Nee 
librium featuring diversified production tA 
only if the relative goods price is ER 
w-'(w*) < PF. However, these will bi i 
equilibrium goods and factor prices if and je> s us re 
if employed factors are in the ratio rg z 
AT (Y~ (w*)) > h”. The flexible rently 
skill insures that it will always be fully 
ployed. However with a binding ab pa 
wage, this need not be true for labor. AA is a = 
manner in which relative employed factos 
to h* is for the denominator to fall viii ore 
employed labor. With w* given, h* ae z om 
mined, and H” and L” are the. fixed." 
endowments. Let N be the level oft ay 
actually employed. Then simple % 
shows that unemployment in. this ect i a 3 3 
U = L” — N, is given by the third ik 
(Brecher): = 
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(5) U* = LY — A /h* 
= B(h*; H”, L”), 
where 2'(h*) > 0. 


ye, ey 
These three key relations character iB irre 
minimum-wage economy can be cone es 

































a 7> re 1. The Heckscher-Ohlin relation, 
i = ( h), appears in quadrant one. The 
x -Samuelson relation, w = W(P), ap- 
i e ats. jn quadrant two. Finally, the link 
feen endowments, the employment ratio, 
Er Da level of unemployment is depicted in 
cg ont four. In the flexible-wage case, the 
the TA ment ratio equals the endowment ratio 
k Eep This determines wages, prices,- and-un- 
es ployment as w? PF , and zero, respec- 
rively. In the minimum-wage case, the path 
peas sf determination i is different. The given min- 
a im n wage w* > w” directly determines the 


NES = a te appearance of unemployment in this 
conomy is very simple. For competitive firms 
i 7 a pay ay the high wage w*, this must be sup- 
wa aned by an appropriate goods price P*. 

2 Ben en the minimum wage binds, the appropri- 
A pes goods price will be attained only if the rel- 


or at fi ¥e Scarcity of the labor-intensive good rises 
ch an et: iclative to the flexible-wage equilibrium. And 
tion if aids Will occur only if a sufficient amount of 
is Pt Ya tis unemployed. 
vill be hfs EYI now establish an isomorphism between the 
if and oi] ef keed i economy with a minimum wage and a 
atio ht Fee Badin fig world in which one economy imposes 
> rental fimum wage while the other maintains a 


ERI ble: wage. This relies on a concept intro- 
iby Avinash K. Dixit and Victor F. 
g a | (1980) known as the integrated equi- 
-e A ni üm: This establishes conditions under 

P i trade i in goods alone suffices to establish 


ye w economy with both goods and factor 
a} 0 gi Me Str ees F: 

zle alg 3 i a1 sider, then, a world of two countries 
s econ H si ee trade and zero transport costs. One 
key rek Bi = America—has flexible wages. 


A =r Country Europe —has imposed 
firs OM oa. Wage at the level w*. The tech- 
peered preferences in the two coun- 
sarte identical to those in the closed 
y: ‘The technologies are constant re- 
aa while the preferences are 
d homothetic. Let a bar over a 
ft resent the level of that variable 
ah fcrated equilibrium. Let i index 


J-index countries. The set of di- 
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FIGURE 1. UNEMPLOYMENT IN GENERAL EQUILIBRIUM 


visions of world endowments among the 
two countries consistent with replicating 
the integrated equilibrium can then be de- 
scribed. This is called the FPE set, and is 
described as: 


[ CH, Le: (HF, L*)] | JA; =0 
such that }) A, = 1, 


(H7, L) = AOI L(i)) 
+(0, U*) 

(H^, L^) =E Na (HCG), LCG) ) 
i=X, Y j=A,E 


FPE = 


These conditions are very intuitive. If the in- 
tegrated equilibrium is to be replicated, then 
world unemployment must be at the same 
level as in the integrated economy. But .uh- 
employment cannot arise in the flexible- 
wage America. Hence Europe must endure 
the entire integrated equilibrium level of un- 
employment, U*, to maintain the wage w*. 
Beyond this, we need only satisfy the con- 
ventional restrictions in terms of employed 
factors. These require that both countries use 
the integrated equilibrium techniques (with 
the skill intensities hy = Hy/L% and h* = 
H}/L¥), that the integrated equilibrium 
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. output in both sectors be divided among the 


countries, and that this exactly exhaust em- 
ployed factors in the two countries (which 
exist in the ratio h*).° The FPE set is de- 
picted as the bold parallelogram in Figure 2. 
The level of world (hence European) un- 
employment i iS indicated by the line segment 
Oru.” 


one a b "E 


This allows me to state a key result: Under 
the conditions noted above, international trade 
equalizes factor prices between the flexible- 
wage and the minimum-wage economies. The 
proof is simply that under free and costless 
trade, competitive producers in the two coun- 
tries face the same goods prices, have the same 
technologies, and are (at least weakly ) diver- 
sified. The equality of factor prices then fol- 
lows directly from the common competitive 
cost conditions. 

This is an important result. Even in the face 
of sharply divergent factor market institutions, 
free commodity trade in a global market fully 
equalized factor prices. As will be considered 
more fully below, this will sharply restrict the 
nature of shocks that can be appealed to in 
explaining divergent wage trends between Eu- 
rope and America.° 


> Since preferences are assumed to be identical and 
homothetic, the level of spending by the unemployed does 
not matter for the pattern of world spending. Implicitly, 
though, it is assumed that any spending by the unem- 
ployed is financed via lump-sum transfers. 

° For analytic simplicity, I developed this within a con- 
ventional Heckscher-Ohlin framework. One feature of this 
mode]—that American and European goods are perfectly 
homogeneous—may appear crucial to the results on FPE 
and consequent international spillovers to European un- 
employment. However, such an impression would be in- 
correct, at least in the longer run with which this model is 
concerned. It would be straightforward, although not as 
clean, to consider a model in which the homogeneous 
goods X and Y were replaced by two monopolistically 
competitive industries, { X } and {Y }, each with many va- 
rieties (see Elhanan Helpman and Krugman, 1985). In this 
case, all goods, wherever produced, are imperfect substi- 
tutes for all others. Yet under the same institutional as- 
sumptions, one could still apply precisely the same 
integrated equilibrium approach to again demonstrate fac- 
tor price equalization with unemployment in Europe 
alone. What is crucial for the strong result is that European 
and American labor of the various categories are effec- 
tively homogeneous. In such a case, a disturbance may in 
the short run introduce a divergence from unity in the rel- 
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B. Trade and Unemployment È 


I have shown how to construct a modi R ae 2 
trade between a fiexible-wage economy # : 
one with a minimum wage. But I have noe eee 
examined what impact trade has on te e, 
economies relative to autarky. It is conve SA's: 
to start with a highly. stylized example thie Ress: 
tablishes a benchmark. Further insight intii- 
workings of this model will be provided bj 
many comparative statics in later sections: $ 

Take as a benchmark a world in which} 
rope and America are alike in every respeg 
endowments, technologies, and preferes# 3 
The one exception is that America has gag. 
ible wage, while Europe has a minimum as 
at level w*, assumed to bind in atari 


_ before, technologies are constant retu! | 
eek 


scale. For simplicity, assume that prefemg cin F: 
of the representative consumer are homot% 


DE 4 


ative price of European and American varieties. ri 
give rise to cross-country factor price ne 
ever in the long run, this will induce entry, exit, 4 
adjustments that return us to the integrated ¢4 
and restore full factor price equalization. Thus, 
from this paper’s results in the long run, it does 8° 
to observe that American and European goods 21%” gaan te, 
fect substitutes. One must believe that on 2 ae aaa by 
American and European labor of the various clas? | ee aed 
different factors. s ge RO 
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3. BENCHMARK: FREE TRADE DOUBLES 
‘+. EUROPEAN UNEMPLOYMENT 


F gure 3 depicts the salient aspects of the 
art ` 7 . . 

üllibrium.” The technological production 
tier, CC’, is common to America and Eu- 
.In Europe, to support the wage w*, the 


model df- -eguilibrium price must be P*. The consump- 
romy atg<;000 ratio of Y to X at P* is given by a(P*). 
ve not ya us ünder full employment, production at 
on the tes. P* in Europe would be at A, and demand 
onvenitt t- 4A- This implies an incipient excess demand 
le that ê Ay tending to raise P and lower w below 


ht into tise ‘ithe incipient fall in the wage is instead 


ded by k- Saiched via a decline in unskilled employment 
ctions:*: a Etirope. With goods prices fixed at P*, this 


mist the Rybczynski theorem in reverse, shift- 
E.Gutput along a minimum wage-constrained 
vullction possibility frontier (PPF) indicated 
by AB Autarky equilibrium in Europe is at E, 


ee 
a 


num Wik2seuch the constrained supply exactly 


o 
ii AB 


tion in Europe from A to E reflects the 


.the excess demand indicated by AA’. 

ap 

See features a price P > P* and so an un- 

es Wage w < w* (not depicted). There is 
Sea ployment in America. 

“x COnsider the equilibrium when Amer- 
Europe trade freely. In order to support 


€s the demand at prices P*, The shift `of 
Con of employment just necessary to` 


Mtrast, in America, the autarky equilib: <. 
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the minimum wage w*, Europe still needs to 
maintain the price P* in equilibrium. At prices 
P*, the American net trade offer is indicated 
by AA’. Thus world equilibrium at these prices 
requires that Europe be willing to make this 
trade at prices P*. This requires that European 
production be at point F, and absorption at F’. 
As demand is homothetic, and production lin- 
ear at all points along AB, the loss of employ- 
ment in moving from FE to F matches thé ` ` 
preexisting unemployment indexed by AE.* 

This implies a striking contrast between Eu- 
rope and America in the labor market. Eu- 
rope’s commitment to a high wage gave rise 
to unemployment in autarky. In this stylized 
example the opening of Europe to trade with 
America doubles European unemployment, as 
it is forced to absorb the full integrated equi- 
librium level of unemployment to sustain w* 
for both. In America, the absence of unem- 
ployment in autarky came at the cost to work- 
ers of a lower real wage. However once trade 
commenced, American workers came to share 
the high European wage even as they suffered 
none of the unemployment that sustains that 
wage. The fact that they suffer no unemploy- 
ment is a consequence of the flexible wage in 
America. The fact that they nonetheless share 
the European high wage under trade follows 
from the fact that trade links goods prices, that 
both countries remain diversified, and that pro- 
ducers still must meet price-equals-unit-cost 
conditions. In effect, trade has forced Euro- 
pean workers to bear the burden of high un- 
employment to maintain not only their own 
high wage, but that in America as well. 

How robust is this result? This is most easily 
illustrated by placing the same information in a 
framework of export supply and import de- 
mand. As we have seen, the minimum-wage 
constraint makes European export supply at 
price P* multivalued, corresponding to various 
levels of unemployment. Graphically, this im- 
plies that the constrained export supply curve 
has a horizontal segment that corresponds to the 


8 An alternative way of seeing this is to note that 6(h*; 
H*, L”) is linear homogeneous in H” and L” for a fixed 
h*, and that opening to America is the same as doubling 
the world endowments (since Europe absorbs all of the 
unemployment). 


$ 
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FIGURE 4. AMERICAN IMPORT DEMAND DETERMINES 
EUROPEAN UNEMPLOYMENT 


Rybczynski segment of the constrained PPF. In 
Figure 4 this is depicted along with the Amer- 
ican import demand curve for the case in which 
the countries are otherwise identical. 

Now consider perturbations in the position 
of the American import demand curve, and 
consider their implications for unemploymenit 
and wages. So long as the American import 
demand curve cuts the export supply curve of 
Europe between A and B, the equilibrium price 
will be P*, so the wage will be w*. In all such 
cases, were Europe to abandon the minimum- 
wage policy, both European and American 
wages would fall in the free trade equilibrium. 
The effect of trade with America on European 
unemployment depends on whether the Amer- 
ican import demand curve cuts the European 
export supply curve in the region TB, ET, or 
AE. If the equilibrium is in the region TB, then 
European unemployment will more than dou- 
ble, reaching its maximum at B. If in the re- 
gion ET, European unemployment will be 
higher than in autarky, although at less than 
the double rate. If, instead, the equilibrium is 
in the region AE, then trade with America ac- 
tually lowers European unemployment. It con- 
tinues to be true in all three cases, though, that 
under free trade high American wages depend 
on the European minimum-wage policy fully 
as much as European wages do.’ 


” When contemplating the recent unemployment ex- 
perience of Europe, one should not read from this that it 
was caused by increasing integration with America. 




























HI. Shocks from the South: Implication: sa i 
Europe and America iras 


The impact of growing trade with d 
ing countries on labor markets in deve nl 
countries has been a source of great cong Sag 
It was at the heart of the vigorous oppos | 
of the AFL-CIO to the North Ameren Fs ns ae 
Trade Agreement, and has figured prominekig s 
in the presidential campaigns of Ross pag sf 
and Patrick Buchanan. Correlate concia a 
have been raised over rapid integration Ege 
Eastern Europe into the markets of the Ej ya ma 
pean Union. i 

The evidence for the growing trade, pa a A 
ularly in manufactures, is indisputable, ha anes 
period 1970-1990, the less-developed oiik pm 
tries (LDC) share in manufactured import ee 
the United States and Europe more Wak aan 
doubled—rising to more than a third for} cor 
United States (Freeman, 1995). Corres w 
ingly, the share of manufactures in total i is 
fuel exports from LDCs rose from lesst hy 
one-fourth in 1970 to nearly we 
1989 (Wood, 1994). oh 

However, what role—if any—this ng 
in the factor market developments in Burt 
and America is still in contest. Wood (1% k: 
has been the strongest proponent of the i 2 
that trade with the LDCs has mattered. Qt alid: 
ified support for this view has come; yp TER l 
Edward E. Leamer (1995). By conli he . aa \ 
Krugman and Robert Z. Lawrence (1% 19% F ee 
have argued forcefully that the volume of ty es inne 
is insufficient to account for relative FAR 
movements in the United States. Simi te * 
Franco Modigliani (1995 p. 7) insists nA 
argument that increased trade with devel a = er 
countries raised unemployment in Eurof $ we 

‘‘nonsense, reflecting economic illiteracy: + y 

Krugman (1995) examined the impact 
trade shock on a minimum-wage Euro %3 
a flexible-wage America, concluding. & fee 
would raise unemployment in the fo me baat ms 
reduce wages in the latter. However his ae 
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Rather this is designed to provide a simple vinos ER T 
trade-offs a country may face between a wage * i Ft " a: 
unemployment in an open economy. In the DO) aagy Spirent 
case, the unemployment cost of any given wate A ee 
higher by a factor of two. AEN 




















aS 
vs 





paS , 
ave theoretical plane, belongs to the category 


Woes: identified as ‘‘comparative.’’ That is, 
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america and Europe, P* remains the equilib- 

te $= tium price, with no actual trade taking place. 
y. #:s'Burope has the same level of unemployment 

d §-es.jn autarky, and both have the same wages 
Fv inigutarky as under free trade. 

‘the E- Einow consider the introduction of a previ- 


Rs concern will be to trace through the implica- 
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FIGURE 5. A NICs SHock RAISES EUROPEAN 
UNEMPLOYMENT, LEAVES AMERICA UNAFFECTED 


be a surge of imports from the NICs.'’ The 
impact of this is similar to that analyzed above. 
Given the European. commitment to a high- 
wage policy, this will not show up in reduced 
wages, but rather in higher unemployment. 

This integrated global economy presents an 
important contrast with the results of Krugman 
(1995). There he treated the American and 
European cases as though they were part of 
different global economies. However, as is 
seen here, the links via goods trade are crucial 
for understanding the broader story. So long 
as Europe maintains a commitment to both 
free trade and a high-wage policy, America is 
fully insulated from the NIC shock. 


IV. Global Labor Supplies, European 
Unemployment 


A. Discussion: 


Leading labor economists have identified 
cross-country differences ‘ih the evolution of 
the labor force-ás an important explanatory 
factor in the divergent evolution of wages 
between continental Europe and the United 


13 


1! The actual pattern of trade—whether NICs deliver- 
ies are to America or Europe—is inconsequential. The 
important point is that the price P* defines the world net 
offer to Europe. Europe must absorb this net offer to main- 
tain the price P*, and so accept the employment 
consequences. 
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States and United Kingdom (Katz and 
Murphy, 1992; Katz et al., 1995). As insight- 
ful as this line of research has been, it would 
be more satisfying to consider this in a theo- 
retical framework in which the cross-country 
structure of labor demand is endogenous. It 
might seem obvious that cross-country differ- 


-= ences in the levels and growth rates of relative. 


factor supplies should help to explain differ- 
ences in relative wages. However, this need 
not be true when countries are linked by com- 
modity trade. In fact, the absence of such a 
relation is the central message of Paul A. 
Samuelson’s factor price equalization theorem 
(1949). Under the conditions in which that 
theorem is valid, the structure of relative 
wages depends on the evolution of the global 
labor force.!? However cross-country differ- 
ences in the.composition or growth rates of the 
labor force will contribute nothing to an un- 
derstanding of divergent wage trends. Given 
that it has been seen that the model with un- 
employment likewise yields factor price equal- 
ization, it can likewise be concluded that 
differential labor-force growth will not help to 
account for divergent wage patterns. 
Although changes in relative factor supplies 
will not play a role in accounting for cross- 
country differences in relative wages, they will 
be essential for understanding the evolution of 
unemployment in Europe. There will be a cor- 
relate to the factor price equalization theorem: 
The level of European unemployment depends 
on global—not local—factor supplies. One 
consequence of this is that dramatic changes 
in American factor accumulation—the shifts 
due to baby booms and busts—may leave 
their most profound mark not on American but 
on European labor markets. By contrast, the 
unemployment rate.in Europe will depend im- 
portantly on where factor accumulation oc- 
curs. The conditions under which European 
unemployment falls are less stringent when 


' In fact, this extends to a more general setting. It is 
straightforward to write down a model in which only a 
subset of the world enjoys factor price equalization (Davis 
et al., 1997). Subject to the general restrictions underlying 
FPE (see Dixit and Norman, 1980), the site of endowment 
changes among those sharing FPE matters neither for 
comparative nor absolute wages. 






























factor accumulation is in Burope th tho 
America. + at a 
The model also features an important : 5 E 
metry. The fixed European minimum wisse 
sulates America from, all shocks cay 
factor accumulation in Europe. But then Sik ee re z 
is not true. Factor accumulation in / a a 
has very profound effects on Europe,“ 
In the conventional Heckscher-Ohlin ta AASS 
work, the central theorem dealing with e43 7 ETAG 
ment changes is that of Rybczynski, tog nt w 
that at fixed goods prices, an increase} ii R 
endowment of a factor leads to a more 
proportional increase in output in thes sie ii aps 
that uses that factor intensively, and a con ie = a: 
tion in the other sector. At the initial ejat 
rium price this would be expected to creamy an a 
excess supply of the good that uses that fis AA 
intensively, lowering its equilibrium reli Š pine 
price, and by Stolper-Samuelson reducing jay 
return to that factor. In the conventional gg 
ting, at fixed prices, changes in the endow = 
of one country have no effect on output | 
plies in the other. . D Fe: 


I now turn to a systematic evaluation li pi . 
impact of factor accumulation in the f re = P Sal 
model. I begin by considering the implicates 
for the global economy, and then tum om 
amine how these effects are es 
cording to where the accumulation takes pay Ae 
It is assumed throughout that Europe’s i fe 
mum wage at w* remains binding ani. 
both economies are diversified. AS 3 5 x 

Several observations will make thé: j 7 
tion of the results more transparent. E n F 5 l 
commitment to maintain the high wage ? 
likewise a commitment to maintain a dont i 
relative price P*, as given by. the zero Pi 
conditions for the two goods. With freesi ae 
this will also be the world relative aes? os 
saw above that the common goods prices FS Ae 
factor price equalization. Cost-minil i ed 
firms with identical technologies will 4a. 
the same factor intensities in both cé us 
denoted h and hy. With P* fixed in lg 
libria that : are considered, these factot É ) 
sities will also be fixed. Because of AES 
and homothetic demand, P * also fixes p eos 
in which X and-Y will be consumed. +2.: 



























ia. , l a : ee, 
soe Kgirectly that world output at equilibrium 
Anv be supplied in the same proportion. 


ant ayn 9 pr G$ absorbs factors in the proportion h* 
wagi easi p*)]. This represents both the mini- 


~ Re kil intensity that the world economy 
e jeld the wage w* in a flexible-wage 
etd: ward the actual skill abundance of total 
ied factors inthe world with at least one 
io f y 5 conomy ‘with a minimum -wage at w*. Un- 
ert ent will arise when the actual world 
‘edowment, h”, is such that h” < h*. The 

‘ase T a g ýbezynski theorem is usually stated for a 
Ee xed exogenous price. Here we consider the 
Ase in which the price is held fixed by the 


. a contri mitment of Europe to maintain the mini- 
ial enii p, Finally, recall that unemployment 
<A create k deb writen as U* = LY — H*/h*. 
that facig È 2% Although my principal interest is in the ef- 
ım relati gi “sees of factor accumulation, it is convenient 


>ducing k f- oy ‘begin with a version of the Heckscher-Ohlin 
ational wE theorem for trade between a flexible-wage 


cf YET? So 


endowmiéd f al economy and a minimum-wage economy. Let 
ER e iango America. Given a minimum wage w* 
s Pehat binds where applied, and that both econ- 
desults £$ hee ‘males are diversified, the world employment 
2 iB atl of skill to labor is fixed at h*. The 


yation of ue jv Aexible-wage America will be an exporter of 
the presel & ibe Skill intensive good if and only if h^ > h*. 
implication g ~ yale s Minimum-wage Furope will have a com- 


i turn to ie: entary trade pattern. The easiest way to 
‘tributed x show the Heckscher-Ohlin theorem works 


1 takes plait By 'is simply to delete Europe’s unemployed 
rope’ S mig kx - from Figure 2. They do not contribute income, 
~~ ing and i l S Consume only from transfers that they will 


d‘in the same pattern as those employed. 


e the aik Having done this, the diagram just becomes 
ant. Europ + On conventional Heckscher-Ohlin model, al- 
1 wage wi! 1-now in terms of employed factors. 

in a dom ‘now. turn to the results concerning accu- 
Je zero pie: :MBllation of factors. A rise in the world endow- 


ad y ptt of Of skill raises employment of labor so as 


ith free t% 
ive price. i f Avra, employed factors in the ratio h*. 
is prices PIR gue t, output of both goods rises propor- 
t-minim! at feb y? If the skill accumulation occurs 
will then Pegs i pe wage America, it will have conven- 
oth co Arene ki effects, raising the output of 
ced in DE r proportionally and decreasing the 
a factor DPE of Y. However this also affects 
ese of idet”: îwhich has a rise in employment. Re- 
> fixes thes U* = LY — H"/h*, it follows that 


. Thus it has Rybczynski 
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effects skewed the other direction, with output 
of Y rising more than proportionally, and out- 
put of X declining. The net impact of the out- 
put changes in the two countries must, as 
noted, raise output of X and Y in proportion to 
the initial world output. 

If instead the skill accumulation occurs in 
minimum-wage Europe, we have a very dif- 
ferent picture. In Europe we fail to have 
conventional Rybczynski effects: Incipient ex- ` 
cess supply of X threatens to raise the wage 
above w* at the initial level of employment. 
This allows employment to rise by AN = 
AH™/h*, That is, total employment of factors 
in Europe has risen in exact proportion to total 
initial employment in the world as a whole, 
h*, Thus, output in Europe expands propor- 
tional to initial world output. America is en- 
tirely unaffected, as its net trade vector is fully 
determined by the constant price ratio P*. 

Now consider the effect of accumulation of 
labor. At the global level, unemployment rises 
by the full increment to the labor force, 
so AU* = AL” > 0. There is no effect on 
global output. If the accumulation occurs in 
minimum-wage Europe, unemployment rises 
directly with no effect on output in either 
country. However, if accumulation of labor 
happens in America, there are very dramatic 
shifts. America continues to have conventional 
Rybczynski effects, raising the output of Y 
more than proportionally, and reducing the 
output of X. Income in America rises linearly, 
so Al* = w*AL^. Europe is also strongly af- 
fected. In fact, European unemployment rises 
one for one with accumulation of labor in 
America, And European income falls dollar 
for dollar with the rise in American income. 
Its shift in output exactly offsets that of Amer- 
ica, so that global output is unchanged. 


V. South-North Migration and Unemployment 


A. Migration in a Model of Adjusted Factor 
Price Equalization 


In this section I develop a model of endog- 
enous South—North migration that builds on 
Daniel Trefler (1993, 1996), and use this to 
consider the consequences for European un- 
employment. Think of a North composed of 
Europe and America. They are just as before, 
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with Europe imposing a minimum wage and 
America having a flexible wage. Following 
Trefler (1993), it is assumed that factor price 
equalization between North and South holds, 
but only when labor is measured in efficiency 
(rather than natural) units. For simplicity I ne- 
glect the possibility that there are efficiency 


differences across countries-in skill. Let LË 


and NY be the world labor force and employ- 
ment when measured in efficiency units, and 
let hg = H”/N2Z. Then it is a straightforward 
application of our previous model to show that 
when Europe imposes a minimum wage at the 
level w*, unemployment of labor is given as 


(6) U* = LF —-H™/hé. 


Consideration of the incentives for migra- 


tion forces us to consider an issue familiar: 


from the standard Ricardian trade model, 
namely the reason for variation in efficiency 
units per natural unit of labor. Cross-country 
variation that reflects only individual charac- 
teristics of the workers would provide no mo- 
tive for migration, so are neglected." If instead 
this also reflects cross-country technological 
differences, then labor will have a reason for 
migration—access to the superior Northern 
technology.'* Let @” and #° reflect labor- 
augmenting productivity differences specific 
to the location of production. By choice of 
units, let 6” = 1. Assuming that labor pro- 
ductivity is higher in the North restricts ġ5 € 
(0, 1). 

Let the efficiency equivalent labor force for 
the North and South be L% and LÈ respec- 
tively, where L} + LE = LY. Let L5 be the 
number of nationals of the South, some of 


-whom in the latter period move to the North. 
Let L” be the number of nationals of the North 


'? Moreover this would be reflected in a native- 
immigrant wage gap. Since empirical estimates suggest 
that such gaps are small (on the order of 10 percent) for 
workers with similar backgrounds, these can safely be ig- 
nored for present purposes. 

' This also implies that ‘‘outsourcing’’ to the South 
may have the same implications as developed here for 
migration. The key element is the matching of Northern 
technology and Southem workers, which increases the ef- 
fective world supply of unskilled labor, rather than the 
locale in which this matching occurs. 


(all of whom r remain there). Then priors 
gration, the world labor force meas 

ficiency units is Lz = L” + ote 
migration of size M occurs from Soy i 
North, this changes to Le’ = L” + AA | oo 

M) + M. As labor was already i in Excess. RENE 
ply, and noting that H” and A? are unaia ie a 
by the migration, the change in the world Pe ae 
force measured in efficiency units js qth | SA A 
lent to the rise in European unemployg ie 


T t 


This is given as: “ ys 


(1 =. o°)M. N Rk ra “eg 
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(7) AU* = ALF = 


Thus two parameters, 6° and M, sett “pie 
contribution of South—-North migration thy gon 
ropean unemployment. In this world with i$ HA 
in efficiency units, technologically based ame gat 
ferences in productivity (f°) will be identi if : — 
by the increment in wages to those why NBE% 
grate from South to North. M is the amour i = 
migration from developing countries t Wg: 24 
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B. Migration Induced by Large eat 
Endowment Differences XE a 


I now consider an alternative way to m Wt. & 
the impact of migration on unempioyne k x 7 3 
rigid-wage Europe. The most plausible & 
native yields conclusions which are qus 
tively similar, though quantitatively. ™ O OERE. 
dramatic. Consider the case in which thes a oniu 
tive for migration is a failure of FPE ye: i 
of large differences across countries in DA 
composition. Let there be three goods,4 i vgn 
and Z, in decreasing order of skill inte t us 
As before, the minimum wage in the Nat Ee sedi a 
set in terms of the numeraire, Y. For sifi wii aest i 
ity, assume the technologies are Leo a ZA 
Skill-abundant countries of the North p% pa ey Aed 
the relatively skill-intensive goods X on s 
while the skill-scarce South produces Y4% 
As in the conventional two-factor, n% 
production cone Heckscher-Ohlin mog 
labor-scarce North enjoys higher wages 
tivating immigration from the South. Co 
the impact of the migration of a single "SA 
from South to North. By the Rybcz ey te 
orem, the migrant leads to an ems net ges 
production in the North, and a contfé oH stage 
X output at the initial prices. Moreo 
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Cre E of Z output. Thus output movements 
Hi ‘countries are putting downward pres- 
oe g¥on' the relative price of Y (upward pres- 
pe on prices of both X and Z). This suggests 
Ge conventiona result that migration places 
for wages to rise in the source country 
E fall in the destination country. By how 
ach f would unemployment have to rise in the 
Nort! ito relieve this pressure? A full answer 
ero d require a more complete specification. 
ia RNa: i though, what would happen if unem- 
: Ca yment in the North were to rise exactly one 
a in rane’ with immigration at the initial prices. 
sTbcasthe immigration would have left un- 
a led Employment, so output in the North of 
Xe MAY, unchanged. However, there would 
ai st ilsRave been the effect on output in the 
uth, ‘raising output of Y and reducing that of 
Be his: suggests residual pressure for both the 
38 of X and Z to rise relative to Y to move 
$ fd equilibrium. If in fact the price of X 
me a ‘tise; this would push the Northern un- 
HEE kil ileg: ‘wage below the minimum. And this 
A RE miggests that to meet the minimum wage, un- 
mok pe zwoployment i in the North would have to rise 
nent 8 Na:factor of more than one for one relative 
> ate Bat a from the South. 
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te tofi immigration on labor-market out- 
ER nes Ear natives. Rachel M. Friedberg and 
Pegeeemuter’ Hunt (1995) provide a valuable sur- 
Eo fhe: analytic approach pursued here is 
sti to ©: that of George J. Borjas et al. 
Beene?) Consider a simple counterfactual 
oe ie = ae zu the theoretical models developed 
Beware: 210W would European unemployment 

K if unskilled immigration to the 

merica and Europe) from 1970- 
: el petoen constrained to zero? The par- 
a Specification of the two theoretical 

aa WOVe imply that two parameters suf- 

iis ry wer this question: (1) the number of 
reget! Migrants from South to North; and 

e gain for those who migrate. For 

es: ie i Aaa, take a conservative defini- 


| the estimate of the 1970—1990 


i Ee felatively skilled industry), and a con- 
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flows of unskilled migrants from the South 
who entered the labor force in the United 
States, a figure calculated as approximately 4.4 
million (see the Appendix). For the latter I 
note that Trefler (1993), using International 
Labour Organization data that fit his FPE model 
well, calculated U.S. wages for aggregate la- 
bor relative to those of various other countries, 
for example coming up with figures ranging 
from a U.S. advantage of 20 to 1 relative to 
Bangladesh, 5 to 1 relative to Yugoslavia, and 
3.3 to 1 relative tó Colombia. No doubt an 
important element in this is differences in skill 
composition. However, direct evidence on the 
wage gains of individual migrants suggests 


that the gains that motivated the migration may | 


be substantial. For the purposes of the calcu- 
lations for Model A, I will assume conserva- 
tively that the wage gain relative to that earned 
premigration ranges between a factor of 2 and 
3. Thus, under the hypothesis of the adjusted- 
FPE Model A, as reflected in equation (7), the 
counterfactual yields incremental European 
unemployment of between 2.2 million and 2.9 
million. Under the hypothesis of Model B, the 
multicone approach, the corresponding incre- 
mental unemployment would be something 
greater than 4.4 million. If it is noted that in 
1993 there were 17 million unemployed in Eu- 
rope, the ceteris paribus figures suggest that 
absent this unskilled immigration, the same 
wage in Europe could have been targeted with 
a reduction of between one-eighth and one- 
quarter of this unemployment. 

These figures are meant only to suggest an 
order of magnitude—that these effects could 
matter empirically. The data, underlying these 
calculations is rough, while, the model to 
which they are applied is sharp. Moreover, it 
would be inappropriate herézas in any ceteris 
paribus experiment, to infer, from this that un- 
skilled immigration,“ ‘caused’ "ethe rise in Eu- 
ropean unemployment: ‘Nevertheless, the 
possibility that unskilled itimigration to the 
North could matter for European employment, 
given a commitment to a specific wage, is not 
implausible. This was in fact the point of the 
very restrictive immigration policies of Europe 
post-1973. Yet while the front door may have 
been shut, the open door provided for un- 
skilled immigration to the United States im- 
plied incipient downward pressure on wages 
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on both sides of the Atlantic. Europe’s com- 
mitment to high wages forced it to adjust to 
these pressures via higher unemployment. 

VI. Divergent Wage Experience 


This paper began with the observation that 


. American and European factor market expe.. 


rience has diverged in two respects: rising un- 
employment in Europe, but not in America, 
and a growing skilled-unskilled wage gap in 
America, but not in Europe. A great deal has 
been said about the former, and so the latter 
will be addressed here. 

The conjunction of relative factor demand 
shocks and institutional differences has been 
an important theme in explanations of the di- 
vergent relative wage experience of America 
and Europe. Thus the demonstration that this 
wage divergence does not in fact arise in the 
standard model is an important analytic con- 
tribution of this paper. However, the divergent 
experience still needs to be understood. 

From an analytic perspective the crucial in- 
sight is that shocks that move us from one in- 


tegrated equilibrium to another will not 


explain the wage divergence. Thus endow- 
ment changes, demand shocks, and global 
technology shocks are all consistent with 
maintaining FPE across the countries, in spite 
of the institutional differences. 

This leaves a variety of amendments to the 
baseline model that could potentially explain 
the divergent experience. One class concerns 
divergent evolution of policies or technologi- 
cal shocks. The factor price link comes 
through producers’ Zero profit conditions. For 
FPE we need freé:‘tfade, zero internal taxes, 
common ‘technologiés, and diversified produc- 
tion, in addition to: ‘the conventional assump- 
tions. Thus' differences in the evolution of 
trade and fiscal policy, idiosyncratic technol- 
ogy shocks (e.g.-convergence), or speciali- 
zation can lead FPE to break down, so offer 
paths for interpreting the divergent wage ex- 
perience. The role of technical change in un- 
derstanding these factor market developments 
is considered at length in Davis (1998). 

However one need not rely on divergent 
policies or technological shocks to explain the 
divergent wage experience. If one adds a little 
more structure to: the basic framework, alter- 



























native accounts are possible. For exis & ao 
Davis and Trevor A. Reeve (1997) deia aa ae $ 
model of endogenous human capital asse ag 
lation in a framework that is otherwise ii z 
tical to that developed here. In their moga 
threat of unemployment has feedback ef 
on individuals’ decisions .to ecu . 
man capital. Since unemployment is prev 
in Europe but not in America, even conii f i 
shocks can lead to divergent accumulatgg $ fe Si 
cisions, hence wage outcomes. si ‘oie n A 
Thus the basic framework that has been gs 

veloped is consistent with a variety ofi : ee me - = : 
counts of the divergent wage experiğ oat 
between America and Europe. Importegit ae 
the principal insights that have been develi 
in this paper are robust to consideration ola 
of these variations. í E Ni K 


oi e 


VI. Conclusion 

pe ‘ead i 

This paper has one overarching mesig 
Even when factor markets are strictly nai 
with idiosyncratic institutional features; & 
cannot be considered in isolation when § gol 
markets are global. This strongly suggest 
importance of a unified “ global’’ appre 
explaining recent factor market developms & £ 
in Europe and America. This will. be ue 
important complement to existing stii 
which are either of individual count 
comparative. es 
A striking example of the importance 
global perspective emerges in the conta Bisco 
effects of trade on a flexible-wage AB pate } 
and a minimum-wage Europe. In the, a Ser 
example, a move from autarky*to free AR oF ri 
doubles the European unemployment “rs Son 
while leading American wages to convey A ree Ea 
the high European level. © say 7 ie RETE 


3 Why was European unemployment lower! pent ad) 
in America pre-1973, yet higher thereafter? one ET a ny eee He 
would be to think of there being two comp EABB: fall 
unemployment—one frictional and the other due 
ities. For a variety of reasons, America may pees? 
base frictional rate than Europe. If in one pernios, 
ities are nonbinding in Europe, it may be found ects 
unemployment is relatively low. If in another i 
rigidities do bind, it may instead be found hatt ad 
ment there is relatively high. eet 































over, commodity trade leads local in- 
abate oil features to have important spillover 
ie T 5 oi ; other countries. These go far beyond 
Wtiinple general equilibrium fact that they 
* A affect the level of wages and the compo- 
nA E “Of production. They may fundamentally 
ee pr the nature of a country’s relation with the 
‘ales: p oe an {national environment. For example, if Eu- 
nm% and America are both flexible-wage econ- 
m ij ol esp tien the entry of the NICs to world 
EERE ets ‘may depress wages in each. However, 

aes saw ‘that when Europe imposed a minimum 
yi ago "it absorbed the full impact of the NIC 
BOL Kand wholly insulated America from its 

i &:That i is, a local European institutional 
fe has EN altered America’s relation 


ee 


F sie the countries. As noted, Amer- 
bo ‘vis wholly insulated from external shocks, 
essage § kling factor-supply shocks in Europe. By 
ational § | contrast, factor-supply shocks i in America 


n good goa example occurs with an increase in the 
ests tk £: :%pply of labor in America. This raises Amer- 
roach fin income, yet lowers European income dol- 
opmeti tafs for! dollar, while raising European 
| beg i ployment one for one. 
studiat “ihe 'importance of considering the links via 
tries | Commodity trade is particularly important 
F: ‘thinking about the evolution of wages. 
ce of it 


ig EAD te of i Important differences in factor mar- 
ya! stitutions, which in a closed economy 
MOuld'induce differences in factor prices, 
EAS: h ade here insures full factor price 
diiz ak Thus insofar as ae makers in 


ore BLESS 
Bee ‘tOraise wages in both. 

$3 e major analytics of this papër have been 
HM ework in which America and 


mi "re a T EN 


iy 


a € transparency of the results. As 
, emphasized the important point 

wives» commitment to a minimum 

yes ons the impact of a variety of 
ee eo ; l m erica. However it also suggests 
tee ko ban respect in which additional in- 
AR ated. A key stylized fact we want 
D dis the divergent relative wage 


i so Er ior rc equalization. This ns 
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experience of America and Europe. Insofar as 
the shocks considered here move the world 
economy between equilibria featuring factor 
price equalization, they will not account for 
this fact. I have indicated a variety of direc- 
tions in which the framework may be amended 
to account for this fact. This suggests the value 


of extensions that may help to identify which 


of these may matter most empirically. 

.This_ paper has derived these results in a styl- 
ized model. Care should be takèn in reading 
these results too readily into actual historical 
experience. Nonetheless the issue that it raises 
of the powerful interaction between local fac- 
tor market institutions and global goods mar- 
kets is no doubt very important. And the 
results are sufficiently provocative to warrant 
closer examination. 


APPENDIX: AUTHOR’S CALCULATION OF THE 
CONTRIBUTION OF SOUTH~NORTH MIGRATION 
TO THE WORLD EFFECTIVE STOCK 
OF UNSKILLED LABOR 


As discussed in the text, over the last two 
decades Europe has pursued a restrictive im- 
migration policy, while America has had 
strong growth in immigration, particularly 
among the unskilled. The stock of foreign pop- 
ulation in Europe grew by 2.9 million from 
1981—1991 (John Salt et al., 1994). However, 
much of this growth is from the end of the 
period, and naturally the growth of the un- 
skilled labor force would be less than this. 
Since I want to be conservative, and since Eu- 
rope’s policy was overtly restrictive, for the 
purposes of my calculations I will assume that 
there was zero Southern unskilled immigration 
to Europe. 


The calculations for America (here just the ` ` 
United States) must of necessity be imprecise. , 
The desired category of immigrants is not _ 
readily available, so must be calculated. Here ` 
I detail those calculations, first for legal im- | 


migrants. The stock of foreign-born persons 
18 years of age or older in the United States 
in 1990 was 17.7 million (U.S. Department of 
Commerce, Bureau of the Census [1990], Ta- 
ble 3: Social Characteristics of Selected An- 
cestry Groups by Nativity, Citizenship and 
Year of Entry: 1990). Of these, 6.9 million 
entered between 1980-1990 (U.S. Depart- 
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ment of Commerce, Bureau of the Census, 
1990). The 1970°s saw approximately 4.5 mil- 
lion immigrants to the United States (Borjas, 
1990 p. 6). Of these, close to 4 million would 
have been. aged 18 or over (Borjas, 1990 p. 


41). Summing, the 1970—1990 immigration 


of those aged 18 and over would have been 
approximately 10.9 million. The labor-force 
participation rate for male immigrants is ap- 
proximately 90 per cent (Borjas, 1990 p. 41), 


‘while that for women is lower, which I will 


estimate by the native female participation rate 
of circa 50 percent. Thus the average labor- 
force participation rate will be taken as 70 per- 
cent. This implies that of the 10.9 million 
immigrants aged 18 and over, approximately 
7.6 million would be in the labor force. Of the 
1990 stock, approximately 60 percent of those 
aged 18 or over had a high-school education 
or less (U.S. Department of Commerce, Bu- 
reau of the Census, 1990). Thus of these 7.6 
million in the labor force, a little over 4.5 mil- 
lion would fall into the category of the un- 
skilled. Not all of these, though, come from 
the South. If we define the South operationally 
as Asia (except Japan), Africa, and the Amer- 
icas (except Canada), approximately three- 
fourths of immigrants in the 1970's came from 
the South (Borjas, 1990 p. 230). If it is con- 
servatively assumed that the unskilled were no 
more likely to come from the South than from 
the North, this would imply that the contri- 
bution of legal immigration from the South to 
the unskilled labor force in the North is ap- 
proximately 3.4 million. 

To this must be added the contribution to 
the labor force by illegal immigration. While 


newspaper reports of illegal immigration are - 


often huge, the work of Borjas et al. (1991) 


suggests that in 1980 the stock of Mexican il-. 


legal immigrants to the United States was 1.8 
million. I do not have data that provide simi- 
larly careful estimates for illegal flows for 
1970—1990, or that incorporate the full 
complement of countries of the South. Real- 
izing that this leaves out flows from the 1980’s 
from Mexico, as well as all flows from other 
countries of the South, while it includes some 
who arrived prior to 1970, I will (with a great 
dollop of optimism) take the figure of 1.8 mil- 
lion as the relevant measure of inflows from 
1970—1990. If it is assumed, as above, that 
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attainment of- typical Mexican immi 
very low, with over threè-fourths having T 
than a high-school education (Borjas: he ie 
1992). If those with a high-school educate Re Tc 
are included among the unskilled, then See Hs $ 
will provide a figure of approximately ine “vpn 
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©° One of the oldest conjectures in economics 
‘holds: that self-fulfilling shifts in optimism or 


confidence can destabilize aggregate eco- 


ae ae 


¢ activity. Aggregate investment, which 


ath between periods with high levels of in- 
tment and rapid GDP growth and periods 
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` But if agents expect fast growth, investment is high, returns are high, and growth . 
‘is rapid. This expectational indeterminacy is induced by monopolistic competition 

_and complementarity between different types of capital goods. Neither external- 
_ities nor increasing returns to scale are required. The equilibrium with growth 
‘cycles is stable under the dynamics implied by a simple learning rule. (JEL 


ber of complementary goods raises the de- 
mand for your good. If you are already in 
business, you expand output. If you are a po- 
tential producer who is not yet in business, 
now may be the time to enter. By increasing 
your output, you raise the demand for the com- 
plementary goods. We embed this self- 
reinforcing process in a standard model of 
monopolistic competition that characterizes 
the entry process for firms supplying new 
goods. Together, complementarity and mo- 
nopolistic competition are all we need to gen- 
erate expectational indeterminacy. 

Other models have shown that multiple 
equilibria and expectational indeterminacy are 
possible in principle. (We review these models 
in Section IJ.) However, some of these mod- 
els rely on assumptions that are implausible or 
address issues that are not-central to macro- 
economics. In what follows, we develop a 
model that is based on familiar and empirically 


plausible microfoundations:: We do not rely on 


- 

+ 
5 Te mT JAR Fe 
i SEP T 


controversial assumptionss:For example, no 
production relationship exhibits short-run in- 
creasing returns to séaley-or-équivalently, fall- 
ing short-run marginalicosts of production. 
The only nonconvexity ifthe model is a fixed 
research and development cost that a firm must 
incur to introduce a new..good. 


' Susanto Basu and John G. Fernald (1997) provide 
evidence against short-run falling marginal costs. For a 
discussion of role of falling marginal costs in models with 
multiple equilibria, see Jess Benhabib and Roger Farmer 
(1994). 
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We eschew modeling assumptions that are 
problematic or distracting. For example, we 
avoid overlapping generations and assume that 
agents are infinitely lived. We specify the 
model entirely in real terms, so there is no fiat 
money. We assume that markets are complete, 
so agents can trade securities with payoffs that 
are contingent on the state of the economy-at 
all dates. We do not assume that there are 
search-related externalities in the labor mar- 
ket. We do not allow for kinks in the demand 
curves that monopolists face. 

Our analysis also goes beyond the mere 
demonstration that a rational expectations 
equilibrium with growth cycles exists. We 
show that the equilibrium is locally stable un- 
der a natural learning rule. As a result, argu- 
ments about stability under learning that were 
used to dismiss some of the implausible mon- 
etary equilibria cannot be used to rule out the 
behavior we identify. Moreover, the equilib- 
rium is plausible in the sense that it makes only 
modest information processing demands on 
the agents who must form expectations. 

To highlight the fundamental elements in 
the model, we present it in stages. In Section 
I, we start by describing the underlying 
perfect-foresight growth model with multiple 
equilibria and introduce the concept of stabil- 
ity under learning. Then, in Section II, we out- 
line the full rational expectations model with 
stochastic shifts between the high- and low- 
growth states identified in Section I. A discus- 
sion of related literature is set forth in Section 
IJ; Section IV concludes. 


I. The Perfect-Foresight Growth Model 
A. Modeling Strategy 


We cannot characterize the equilibrium in 
this model as the solution to a maximization 
problem. Nor can we linearize the model 
around a single steady state. Instead, we sim- 
plify the model so that the equilibrium can be 
characterized in terms of a small number of 
equations. The two most important simplify- 
ing assumptions are that the economy has a 
single state variable and that the preferences 
and technology are homogeneous. Together, 
these imply that at every date, the opportuni- 
ties in the economy are the same except for a 
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the interest rate and the rate of growth. Kames 
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evierentisectors that use the same production 
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ions, WE T ie’ behavior of this trivial model can be 


rota also presents a second technology 
vanat is: downward sloping. It charac- 
taie de faa ee condition when the 
on functions for consumption and 

are different. In this case, the 


onditit E < ¢havacterized by a graph that plots the equilib- 
ydel, BE ee nieron rate as a function of the equilib- 
, we pi Tä growth rate as in Figure 1. Equation (1) 
ionship ae Eres the. upward-sloping curve labeled as the 
or mods pek ciere ince curve. The horizontal line r. = B, 
“r the fey jeiki NA labeled ‘technology, one sector” is 
Be o ined by arbitrage on the production side 
k g model. Because of the homogeneity of 
ae él, the values for r and’g from the in- 
B heroan t of the technology ‘and preferences 
1S O06” Ba Sine S determine everything about the equilib- 
of cape Eaa Starting from: any initial stock of capital - 
trade-th mths a) oe ey Saat 


tio dOM possibility frontier between ad- 

mh ithe stock of capital and con- 

= calle F ai A near., We could assume a 
ao al form for production in each sector 


$ expression for the procnenon 


EVANS ET AL.: GROWTH CYCLES 


497 


possibility frontier. Instead, we take a short- 
cut by assuming a simple functional form for 
the production possibility frontier itself. Let 
Y, denote the maximum feasible amount of 
consumption goods that can be produced. 
Then output of consumption goods can be 
related to increases in the capital stock as 
follows: 


"e * aT - 4 "y 


(4) G=yY,- Kx( A 


In this expression, y(-) can be any increas- 
ing, convex cost function with 7(0) = 0. This 
specification imposes the homogeneity of de- 
gree one in the state variable K that we need 
on the production side of the model. It reduces 
to equation (3) if x is the identity function. 
The price of capital goods in units of con- 
sumption goods will be the derivative of con- 
sumption with respect to the stock of capital 
tomorrow. We will write this as x'(gx — 1), 
where gx = K, + ı/K,. One unit of consumption 
can now be invested to yield r units of addi- 
tional consumption goods in each period. 
Alternatively, it can be used to purchase 
x’ (x — 1)7' units of capital, which will 
yield a flow of B units of consumption goods 
in each period. Thus, a no-arbitrage condi- 
tion on the technology side of the model im- 
poses the equality r= B/X' (ex — 1). 
Because X(-) is convex, this expression 
yields the downward-sloping curve labeled 
‘‘technology, two sector’’ in Figure 1. 

Two features of this kind of model make 
this simple diagrammatic characterization of 
equilibria possible for both of these models. 
First, the accumulation equation for capital, 
(3) or (4), implies that if capital, output, and 
consumption grow at constant multiplicative 


rates, this rate must be the same for all three ` 


variables. The equilibrium can therefore be ` 


characterized using a common growth rate — 


2 = gc = gg. Second, because of the ho- 
mogeneity of the specifications for prefer- 
ences and the technology, the curves in the 
figure do not depend on the level of the state 
variable K. These two features will carry 
over to elaborations of this basic structure 
that we develop next. These extensions will 
allow for fixed costs of invention and com- 
plementarity between types of capital goods. 
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C. Many Capital Goods 


To bring invention into the analysis, we start 
with a model of growth taken from Romer 
(1987). This model allows for the introduc- 
tion of new types of capital goods, but its 
equilibrium behavior closely resembles the be- 
havior of the_one-sector model described 
` above. Output of consumption goods is a func- 
tion of labor (assumed in fixed supply) and 
the quantities of a large number of specialized 
capital goods: 


(5) F(L,x(-)) = gel x(i)" di. 


Here x(i) denotes the number of units of cap- 
ital of type i that are in use. The upper limit A 
(assumed continuous for convenience) indi- 
cates the range of capital goods that have al- 
ready been designed and can therefore be 
produced. 

In addition to the production of final out- 
put, there are two other productive activities — 
inventing new types of capital goods and 
producing physical machines for each of the 
many existing types of capital goods. By anal- 
ogy with the one-sector model described 
above, we can assume that the same produc- 
tion technology described by the functional 
F(-) can be used in all productive activities: 
(i) making consumption goods; (ii) making 
designs for new types of machines; and (iii) 
making physical machines for types that have 
already been designed. Consequently, the 
trade-off between the different types of out- 


put is linear. We can therefore write an 


expression for total output (or the maximum fea- 


sible output of consumption goods) as Y, = 
F(L, x(-)). Assume that it takes oné unit of | 
forgone consumption to make each additional”: 


unit of any machine and that it takes a units of © 


forgone consumption to produce a design for 
a new type of machine. Ignoring depreciation 
for the moment, total output is split according 
to 

Y, = C, + a(A,41 — Ar) + Kia. — K, 
where K, is defined as the total stock of ma- 


chines measured in units of the cost of pe 
duction for these machines: 


` design. It produces machines and charges 


pre 
r 


wer 


A; 
K, -f x,(1) di. 
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These two equations capture both the’ ooe 
cost necessary before a new good can k a 
troduced and the constant, marginal coy f SENARE 
by a firm that supplies such a good afters E Pi i 
been introduced. `.. . ome 
The market structure in this model peni 
nopolistically competitive. Any firm thic 2 
signs a new machine gets a patent’ ad a Sie 


simple monopoly price for these machiggg Ben benti 
equilibrium, the interest rate r adjusts § T t So 
the present discounted value of the rè a “aL 
monopoly profits is just equal to the cote 
inventing a new type of machine. Them 
profit condition in this equilibrium impli ead 
at every date, the ratio of A, to K, is comitis S. ‘, 
so we can work with a single ageregals a ne 
variable Z, = aA, + K, that summarize ~~ 
effects of all previous investment deci 
The accumulation equation can then be = 
as Y, = C, + Z1 — Z. a 
In this model, the reduced-form expressive Ea 
output Y is linear in Z. As a result, the intetagieg 
poral zero profit condition is satisfied at a U Ror ae 
value of the interest rate r. This value di j 4 TEA 
independent of the state variable Z,. (See KGR 
1987, for details.) As a result, the analy aa: iv a 
growth 1 is exactly as depicted į in the singles 
version of the technology in Figure 1. The 
duction technology determines a unique itt 
rate. The preference specification then yl 
rate of growth for the economy. 
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D. Capital Goods That Are Complenich : wae 
ras 

As the introduction makes clear, our 08% fee A : i 
terest lies in capital goods that are com a 
with each other. To see how we can bi 
into the model, note that equation (5) © 
constant-elasticity-of-substitution agereree p 
summarize the effect on output of all the # ee. tos 
ent types of capital goods. In (5) ee TA Eps 
additively separable in different an : ga s at 
To make them complements or substitu", LS ' “Bhs 
need only introduce an additional expose ae’ 
the capital aggregate: oe 
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-ngut the paper, we impose the restric- 
= æ to preserve homogeneity of de- 
VED = <1- For values of h greater. than 1, the 
DEE E-en capital goods x(i) will be comple- 
a effer dra increase in the quantity of one raises 

N, eee = marginal product of the other. . 
ae" le ithe additively separable model. outlined 
es É bove it took a constant amount of forgone 
a. zumption to produce each design for anew 
‘ef capital good. If the capital goods are 
É complements, this specification for the tech- 
F-y-cw for producing designs would lead to 
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neg È explosive growth. Later designs would be 
C mpre valuable because there are more comple- 
SUI -ts around that raise the value of a new cap- 
(OSLER: iial: good. One simple way to offset the 

T -creasing incentives for discovering new 
Ksunds is to assume that there is also a higher 
“adst for designing goods with a higher index. 
E'<occifically, we will assume that it takes i* 
Se F enlts of forgone output to produce a design for 
SIO E% anid į. In equilibrium, the incentives for dis- 
nigga: covering new goods will just offset the costs 
ame of discovery if the following parameter restric- 
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| e 1. The MEE ay:still be well behaved, but will exhibit 
_ Inge MRR tes of growth that are locally increasing or 
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seeefeasing over time. This would make it 
Eiipessible to solve for a single, constant 
garth rate as we did in Figure 1 for the 
Pasar production model. To keep things sim- 
psec We impose the restriction (6) and look 
f T equilibria exhibiting constant exponen- 
E fa the. extended model with complements, 
gee ean still write the accumulation equation 
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FIGURE 2. PERFECT-FORESIGHT EQUILIBRIA WITH 
‘COMPLEMENTARY INPUTS 


A; 
i$ di 


A; 


l x(i) ai+ | 


0 


(7) Z= 


Ár 
=K + | iai 

0 
The first term, X,, represents cumulative total 
investment in machines. (We will introduce 
depreciation later.) The second term describes 
cumulative total investment in the production 
of new designs. 

The analysis of the perfect-foresight, mo- 
nopolistically competitive equilibrium for this 
model proceeds exactly as it did in the model 
where the capital goods have additively sepa- 
rable effects on production. (Details are given 
in the Appendix.) The fundamental arbitrage 
result is derived from the intertemporal zero 
profit condition on investments in new de- 
signs. The key result that emerges from this 
analysis is that the no-arbitrage or zero profit 
relationship implied by the technology yields 
an upward-sloping locus of (r, g) pairs as il- 
lustrated in Figure 2. In this case, the growth 
rate g refers to the common growth rate for Y,, 
C,, and Z,. Because designs are getting more 
costly, g, is smaller than g. In fact, one can 
show that g = 2&*'. Because the preference 
relationship is also upward sloping, these 
curves may intersect more than once. For ap-- 
propriate parameter values, they intersect 
twice, as illustrated in Figure 2. This means 
that the model has two distinct perfect- 
foresight equilibria. For any given initial value 
of Z,, there is one perfect-foresight equilibrium 
in which the values for Y,, C,, and Z, all grow 
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at the high rate determined by the upper inter- 
section. There is also a second perfect- 
foresight equilibrium in which they grow at 
the low rate determined by the lower intersec- 
tion of the two curves. 

The positive slope of the technology iocis 


is fundamental to all of the results that follow. ' 


The intuition behind this slope is easy to un- 
derstand. Because of the complementarity be- 
tween the different capital goods, a firm that 
invents a new type of good today will face a 
demand for its good that increases with the 
quantities and varieties of other investment 
goods that will be introduced tomorrow. Start 
at an interest rate and a growth rate that yield 
zero intertemporal profit and increase the 
growth rate for the economy. At a faster rate 
of growth for other goods, the present dis- 
counted value of the stream of future profits 
for a new invention will be higher. Competi- 
tion for resources by potential new entrants 
will therefore drive up the interest rate until 
the present discounted value of the future prof- 
its is driven back down to the cost of inventing 
a new good. 


- E. Stability Under Learning 


The relatively simple model characterized 
in Figure 2 is the basis for a model of mac- 
roeconomic fiuctuations in which changes in 
expectations cause the economy to switch 
between the high- and low-growth states. 
However, it leaves two important issues un- 
resolved. First, we must let agents take account 
of the possibility of such switches when they 


form their expectations. We will deal explic- . 


itly with this issue in Section II. 

The second issue suggested by Figure 2 is 
stability. Whenever we see two equilibria in 
an economic model, we have come to expect 

` that one of them will be stable and that the 
' other will be unstable. The goal in this section 
is to identify the precise sense in which one 
can speak of an equilibrium point as being sta- 
ble or unstable. Then in subsection F of this 
section, we will modify the model so that it 
has three perfect-foresight equilibria, two on 
the ends that are stable and one in the middle 
that is unstable. 

It does not make sense to think of these 
equilibria as being stable or unstable in the 


































values for the state variable the oS fink a a 
dynamics take the economy away from <= a fe ; 
steady-state points and toward oien a KF 
standard analysis does not apply to our misą K 
because it has a single state variable Z andi 
dynamic equations that determine the g e BE 
rate do not depend on the level of Z. Fo, a ee: 
initial value of Z, the economy can selec ae a j 
ther of the perfect-foresight paths ee | 
ized by the intersections in the Figure 2,.7 ae 
We can, however, inquire into the stabil, 
properties of the equilibria by going outig Re 
of the perfect-foresight model and asks te 
what the dynamics would be if agents p: j3 & 
learn about the equilibrium values of va fe ied 
ables by observing the behavior of the eci Expr 
omy. If plausible learning dynamics ad ae ont 
agents away from some perfect-foresigh Be BR re 
equilibria and toward other equilibria, weta! eS 
use this difference to distinguish betwee} oe 
more- and less-plausible perfect- -foresigh Be 
equilibria. That is, we can use stability unde ae k: gi 
the learning dynamics as a selection criterice $ x4 wn 


equilibria. ee 
To conduct the learning analysis in a modd Fe tr 
such as this, one must first extend the mod E 
to a temporary equilibrium framework. To% $. i 
so, we use a simple scheme in which house g 
holds base their actions on an expected intei E ee 
rate. Fortunately, this analysis can be carl 
out using the same curves that characterize i R3 
equilibrium 3 in (7, g) space. Given an = 
interest rate r°, households choose their sayili Be 
to generate the rate of growth of wealth:& 
consumption implied by í (1), the equation biki 
determines the preference curve in Figure; 
Firms take this growth rate of see a 
and the implied, and equal, growth rate of (OF Eea 
capital Z as given and project it into the fut Si a 
At this expected growth rate for the econoi? i hate 
there is a unique realized interest rate thal oo 
consistent with no-arbitrage on the techn 
side of the market. This is the value of 12 
is determined by inserting the given gro 
rate into the technology curve in the figu “AES 
we take the composition of these two 0PM 
tions, we have the following mapping fro# 


pected interest rates to realized interest = a 
ee] Soy Se 
pa, q Ga 
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(8) r=T(r*). 
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piece: consumers observe the realized rates, 
Be C “adjust their expectations about future in- 
atid tes ert rates. For example, if the interest rate 


TOMER. -F Consumers expected was lower than the 
For aN = -ot rate that is realized, they will revise 
‘lect forecasts of interest rates upward. Out of 
art <jibrium, both firms and consumers make 

TP -4<1ee’but the process will converge over 
stabilas =< ¢<:the stable equilibrium if it starts from 

úis ahv ivyalues for r and g. As the economy 
i asking averges, these mistakes become smaller. In 
ts Nall ce Limit, the rules lead to correct forecasts by 
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he eco E. iam interest rates and growth rates. 
EST generate an explicit dynamics for the in- 
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Sige’ 43. the gain sequence. It determines the extent 


r kaf the adjustment of expectations to forecast 


the mic E that consumers become less responsive to 
(O@mes forecast errors as more data accumulates. For 
dich hous R example, with 6, = 1/t and appropriate initial 
ted intese Faltes, equation (9) implies that r7., , is equal 

ma #9 thie:average of past values of r,. Together, 
acterize M: equation (9) and the mapping r, = T(r‘) de- 
an ex pee i Sse 'adynamic system which can be analyzed 
their satiimtt the: vicinity of a fixed point. If we linearize 
wealth 4 $ tis system around an equilibrium r, we can 
gow wthat the fixed point is locally stable if 
EU<? 
t :Thë two equilibria in Figure 2 do indeed 


sonsumph itean 

rate of Ove different stability properties. The func- 
to the ful pee Tis the composition of the two functions 
he econo Sphed in the figure. At points where they 
t rate WEE the size of T’ relative to 1 is deter- 


t 


e technol 

alue of E Fo ed 5 
` or tLe This kind . . 

VEN E e a nd of learning rule is particularly appropriate 


i 7 A 


4 
A 
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mined by the relative slopes of the two curves. 
A simple geometrical argument shows that it 
is the lower equilibrium that is stable under 
learning. In Figure 2, rj denotes an expected 
interest rate that is below the interest rate in 
the low-growth perfect-foresight equilibrium 
and rj, denotes an expected interest rate that 
is also below the interest rate in the high- 
growth equilibrium. As the figure shows, when 
the mapping T is applied to rż, it leads to a 
value T(r¿) that is above r, so adjustment 
moves the expected interest rate in the right 
direction. In contrast, when T is applied to 
ry, it leads to a value that is below r {, so the 
learning dynamics drives the economy away 
from the high-growth equilibrium.’ 

If one accepts, as we do, the notion that any 
perfect-foresight equilibrium that is unstable 
under simple learning rules is unlikely to be 
realized in practice, one is forced to conclude 
that the kind of multiplicity exhibited in Fig- 
ures 2 is unlikely to have any practical rele- 
vance. To have a candidate for a model with 
multiple stable perfect-foresight equilibria, we 
will need a model that generates more inter- 
sections of the two curves in this figure. 


F. Multiple Stable Perfect- 
Foresight Equilibria 


Careful readers will no doubt have guessed 
where the argument is now headed. We 
showed in the analysis of Figure 1 that a two- 
sector structure that generates a standard, non- 
linear trade-off between the production of 
investment goods and consumption goods 
tends to make the technology curve slope 
down in (r, g) space. We have just shown that 
complementarity between different types of 


3 Note that there are alternative ways of formulating the 
‘temporary equilibrium -nd corresponding learning rules. 
For example, we could start with firms that have an ex- 
pected growth rate g$ for the economy. The arbitrage con- 
dition on the technology side of the model will lead to an 
interest rate r. Given this interest rate, consumers would 
use the preference curve to decide how much to save. 
Firms would then adjust their expected growth rates when 
they see the realized rate of growth implied by these sav- 
ings decisions. It can be easily verified that a steady state 
is stable under (8) and (9) if and only if it is stable under 
this alternative scheme. a - 
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FIGURE 3. PERFECT-FORESIGHT EQUILIBRIA WITH 
COMPLEMENTS AND A TWO-SECTOR TECHNOLOGY 


capital goods tends to make the technology 
curve slope up. If we combine these two ele- 
ments in the same model, we should be able 
to make the curve have increasing and de- 
creasing segments, so it can intersect the pref- 
erence curve arbitrarily often. 

Specifically, we now adopt the specification 
for the production possibility frontier between 
consumption and investment that we used pre- 
viously. Thus, the accumulation equation for 
Z takes the form 

= ) 
Zz, 


Zs 
(10) c =Y,- Zx{ 


As in the previous specification, x(-) is a con- 
vex cost function. In this final expression for 
the model, we have also included a term D, 
that takes account of any depreciation of the 
physical capital stock. As in the previous 
model with complements, the total stock of Z 
is related to the stock of designs and machines 
by equation (7). 

This specification implies that the same pro- 


duction function can be used to produce ma-. 


chines and inventions. More precisely, it can 
be used to produce the raw input that is used 
to make the inventions. (Recall that it takes 
more input to produce an invention with a 
higher index.) This specification lets us aggre- 
gate A and K into a single state variable Z, 
which substantially simplifies the analysis. 
Equation (10) implies that this common pro- 
duction function for the durable inputs is dif- 
ferent from the production function for making 
consumption goods. Finally, we assume that 
physical machines depreciate at the exponen- 


J wn : 
TABLE 1—STABLE PERFECT-FORESIGHT Equus P i 
Growth rate g Interest rate r Price of canis T 
er eee e a ¥ 
1.002 0.04 l LOSA a 
1.049 0.05 Js. 






























tial rate d but that design blueprints do maa 
preciate, so D, can be expressed as D, = 


the previous model with complementain: uae | 

Figure 3 illustrates one type of simple ¢ cas F ee 
librium that we have generated using ti, 
combined structure. The downward-slopivs: 
portions of the technology curve repres 
points where the curvature in the producti! 
possibility frontier between consumpti 
goods and investment goods is high so its g; 
fects overwhelm the effects of complementé 
ity. The upward-sloping portions of tE ay 
technology curve represent regions wher t$ gr 
production possibility frontier is relatively fa] 
so the effects of complementarity doming ¥: 
By the analysis of subsection E of this secti $ 
the middle equilibrium will be unstable unde aoe intr 


will be stable under learning. } 

Table 1 reports values of the growth nad i 
the interest rate in the -high- and low-grove] jae " 
equilibria in the basic parameterization of By gewth rat 
model. (Numerical values for the paramet. i Sare : 
are given in the Appendix, subsection A.) Bg :tij tics 
construction, the interest rates in these WE- tat 
equilibria were arbitrarily set at 4 percent ai ; 
5 percent, respectively. The fides ; 
growth rates for Z, C, and Y are 0.2 pesi ; 
per year and 4.9 percent per year. The 
also reports the values for p?, the price of 
investment goods relative to consumptiss 
goods. In the high-growth state, where a lay 
fraction of GDP is devoted to investment, È$} Sxesipht . 
vestment goods are more expensive to prodat nemod 
on the margin, so their prices are higher. É E 


in the high-growth state, a higher level i Pa rt 

vestment can be sustained because of the Pee Peas d 

itive reinforcing effects that result yes A ta Sapte 

complementarities between the different Yir pras 

of investment goods. a phen aoe 
Figure 4 illustrates the nature of the nol Be ip re 

production possibility frontier betwee? “5 Seg. 
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gil ae: a PRODUCTION POSSIBILITY FRONTIER BETWEEN 
Bias SY ~ CONSUMPTION AND NEXT PERIOD'S STOCK 
i, j oF TOTAL CAPITAL 


E and 6 for a given level of Z,. The two regions 
5 of sharp curvature correspond to the two 
į dewnward-sloping regions of the technology 
BE curve in Figure 3. This picture also makes it 
vel t iE ‘glear that we are not relying on any assump- 
TE: tions ‘about short-run increasing returns in the 
Faroduction of new investment goods. As noted 
e ip the introduction, some models generate 

É eultiple growth rates by introducing short-run 
$ lixteasing returns that make investment goods 
Fe when a larger fraction of total output 

3 devoted to investment. We generate multiple 
tEOwWth rates despite the fact that investment 
is are more expensive when investment is 
s egner-and growth is more rapid. We reiterate 
Eat the only nonconvexity in the model is the 
Sred cost associated with invention. 
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fing “the building blocks of the perfect- 


here ale a F 
ao analysis we now coristruct’a com- 


restmedlh 


ae as, consumers and firms must take ac- 
a r switches. Formally, we can do 
: Soy ee a random variable s, that 


T a nay iai ior of the economy. This kind of 
RE D Oa iS susceptible to vari- 
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in Costas Azariadis (1993). We assume that 
s, has no direct effect on preferences, technol- 
ogy, or government policy, but in an extension 
of the model, it could have a small direct effect 
as well as a larger indirect effect acting 
through expectations. 

In the ‘‘high’’ state for s,, firms and house- 
holds (correctly) anticipate higher investment 
and more rapid growth during the coming pe- 
riod. However, they also take full account of 
the probability of a switch to the low-growth 
state in future periods. Formally, we let s, take 
values from {1, 2} and assume that it follows 
a two-state Markov chain with transition prob- 
abilities 0 < IT, < 1 fori, j = 1, 2. These 
transition probabilities are exogenously given. 
parameters. 

Formally, all of the traditional elements in 
the specification of our model—the prefer- 
ences and the technology——remain the same 
after we introduce s. All that changes 1s that, 
in our calculation of an equilibrium, we look 
for solutions to the equations generated by the 
model in a larger solution space in which con- 
sumers and firms can make decisions that are 
contingent on the random variable s. The 
perfect-foresight equilibria we have already 
calculated remain equilibria in which consum- 
ers and firms make the same choices for the 
two different values of s. If we find that there 
are other equilibria in which output and prices 
vary with the realization of s, we will say that 
the equilibrium exhibits expectational indeter- 
minacy. This, we think, is a more suggestive 
description of the behavior in question 
than the conventional label of a “‘sunspot 
equilibrium.” 

The timing of the realization of s and of de- 
cisions 1s as follows. In period ¢ — 1, total po- 
tential output is realized. Consumers make 
decisions about how much to consume 
and how much to save. Given the net-of- 
depreciation stocks of-machines (1 = d)K;,_, 
and designs A,_,, their decisions about how 
much to save will determine the total stock of 
capital Z, that will be carried over into period 
t. At the beginning of period ¢, the value of s, 
is realized. Firms then make their decisions 
about production contingent on the observed 
value of s. In particular, they decide how to 
split the new investment between additions to 
K and increases in A. (In the equilibria we 


y- 
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TABLE 2—GROWTH CYCLE WITH 5-PERCENT PROBABILITY OF SWITCHING STATES 


Growth rate: Interest rate: 
State s, gz(s) r(s) 
s = low 1.0083 0.0383 
s = high 1.0437 0.0518 


consider, firms will always want to add posi- 
tive amounts to the stocks of both A and K.) 
When s signals fast growth, firms will allocate 
more of their investment to increases in A be- 
cause a design is more valuable when the 
economy is growing rapidly. Given these de- 
cisions by firms, total output will be realized 
at the end of period t. Consumers observe the 
State s, and decide how much to consume and 
how much to save. In the high-growth and 
high-interest-rate state, they will save more 
and consume less. (This positive response of 
savings to increases in the interest rate follows 
from our assumption that the parameter o in 
the utility function is less than one.) Thus, Z 
will tend to increase by a larger factor during 
high-growth states. Undepreciated capital and 
the saving decision of households then deter- 
mine the quantity of capital Z, ,, which is car- 
ried into ¢ + 1 and must once again be divided 
between increases in K and A. 

This is the minimal extension of our perfect- 
foresight framework in which we can consider 
the possibility of expectational indeterminacy, 
but it nevertheless introduces a substantial de- 
gree of additional complexity. In particular, 
the variable s, introduces a second state vari- 
able into the analysis, and the system can no 
longer be reduced in any meaningful way to a 
two-equation, two-variable graphical analysis. 
(The equations for this system are given in the 
Appendix.) 

One way to study the behavior of a system 
of equations is to look for. numerical solutions. 
We present one such solution based on the 
same parameter values that we used in calcu- 
lating the two stable perfect-foresight equilib- 
ria in Section I. The only difference here 
is that we allow for a 5-percent probability 
that between any two periods, the economy 
switches from the high-growth to the low- 
growth state or vice versa, i.e., IL; = Tl. = 


Price of Consumptiong3e%! ; aS x 3 
capital: p(s) CIU See l 
x vali 
1.435 0.978 : A 
1.565 0.88] : 


AN, 
set 




















0.95. Table 2 provides the description cal à 
a growth cycle that we calculated numeri r 
In this equilibrium with expectational ġġ a 
determinacy, K and A always grow betats = x Spailiby 
periods ¢ and ¢t + 1, regardless of the vals fe Wis 
taken on by s, and s,,,. This means that i fee avere 
do not have to consider the issues that wok S Sins 
arise if firms wanted to disinvest, convert ý a rou 
into A, or convert A into K.* In the two Stile $ dete 
the consumption-income ratio C/Y varies H orn 
one would expect, given our assumption (4$ ‘eagle 
saving responds positively to increases ints $- mg 
turns. On the firm side, investment behag. B ib 
would be dominated by firm perceptions abi $: -Th 
the state of aggregate demand and the rated F: Sbcium 
growth in the near term. Investment by a5 -tekes:: 
individual firm would go up when integ $73) (o : 
rates are higher and growth is more rapid. BB‘: 
nally, note the relatively small amount of vet". j: 
ation in the price of capital goods p? compat E} 337: 
to the markedly different values that it tki se») 
on in the two different perfect-foresight oE i (Tlie. 
libria. This reflects the changes in behai $-: pp 
that forward-looking agents make when md 
anticipate future transitions between high- -Di 
low-growth states. i 
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and interest rates that are close to the vi 
that arise in the two perfect-foresight equi’ $ 
ria we constructed in Section I. The under fe em 
reason is that a pair of perfect-foresight © ong n Š éit 
libria can also be thought of as an pr” Me i 

in which decisions depend on the re Lge 


“Formally, our computed equilibrium would not b ó 
fected by S the restrictions A,,., = A, and * 4 
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pg but Sin-which the transition probabilities 
Sen'the two states are Zero. Because the 
ia equations depends smoothly on the 
pabilities, the implicit function 
ag us that for transition probabilities 
oe athe behavior of the economy in the 
i am low-growth state will be close to the 
“tekavior of the economy in the corresponding 
BR ea ve foresight equilibrium. Moreover, if 
pe indivi idual perfect-foresight equilibria are 
K t able under learning, then the full equilib- 
A any ith expectational indeterminacy that 
F iche g “between states that are near these 
F< Tihria will also be stable under learning. 
3i j ni easiest to state the existence result and the 
result at the same time. To do so, 
; ernst | first describe what the learning dynamic 
Sa ‘our full equilibrium with expectational in- 
4 , For the case of perfect foresight, 
| se, forinulated a model of learning based on a 
i nelo: variable, the expected interest rate. We 
l i est NOW: extend this approach to the full model 
pe. Which variables can depend on s,. 
<he equations that determine the full equi- 
P ktlum can be interpreted as a mapping that 
ee AALEN pair of expected interest rates (rí, 
intone YF) to. a pair of realized interest rates (r,, r2): 


ark Be 


STALEN y 












{ lds make savings decisions on the as- 
mee on ‘that interest rates r{ and r§ will pre- 
-two states and producers expect 
ts'to persist with the savings behavior 
nd ces: Then the production side of the 
al clear at the interest rates r, and r, 
oe kro. different states. That is, r, and r» 
eae with zero expected profit for 
: nt-into the invention of new goods. In 
waopothetical dynamic determined by the 
BE ž-process, the time t¢ realized interest 
a id be given by 
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where 7; denotes the ith component of the 
mapping T. 

We adopt the following simple state- 
contingent adaptive learning scheme. In state 
s, agents will compare the interest rate they 
expected to obtain in this state with the interest 
rate that actually obtains. They will then adjust 
their expectation of interest rates in this state 
in the direction of the realized interest rate. As 
before, the amount of the adjustment depends 
on the amount of data that they have already 
collected: 


ó 
Fitt] =ri,t (h= Tis), 


m N; (t) 


if s, = i, and 


Par Fi if 5, # i. 
In this expression, N; (t) represents the number 
of times the variable s, has taken value i up 
until time ¢. Equations (12) and (13) define a 
dynamic system in the two variables r{, r5, 
driven by the exogenous stochastic variable s,. 
An equilibrium growth cycle, i.e., a rational 
expectations equilibrium with expectational 
indeterminacy, is a fixed point (7,, r,) of (11) 
in which r, + r2. When we want to be explicit, 
we can express these equilibrium interest rates 
as functions of the underlying transition prob- 
abilities, r; (ID) and r (I1). With this notation, 
we can describe conditions under which a non- 
degenerate growth cycle exists and which has 
the property that for nearby initial conditions, 
the sequences of state-dependent interest rates 
generated by the learning dynamics converge 
to the state-dependent interest rates that obtain 


An equilibrium. 


PROPOSITION 1: Suppose that the model 
outlined in Section I has multiple distinct, 
perfect-feresight, balanced growth equilibria. 
Let the mapping T be as defined in that section, 
so that the interest rates corresponding to two 
of these equilibria satisfy r, = T(r,) and ry = 
T(r). Assume without loss of generality that 
r, < ry. Suppose that these two values both 
satisfy the perfect-foresight stability criterion, 
T’ (rz) < l and T' (ry) < 1. Then there exists 
a neighborhood of the 2 X 2 identity matrix I 
with the property that for any transition 
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probability matrix-TI in this- neighborhood, 
there is an equilibrium growth cycle (r,(ID, 
r.(11)) near (rz, ry) which is locally stable 
under the learning dynamics (12) and (13). 


The proof of the proposition, together with 
a precise statement of the phrase ‘‘locally sta- 
ble under learning,” is given in the Appendix. 

Finally, we note that we have Verified di- 
rectly that the numerical example presented in 
the last section is locally stable in the natural 
sense. In fact, we used a version of this method 
to calculate the equilibrium growth cycle 
itself. 


IH. Discussion of Related Literature 


Models with multiple equilibria are poten- 
-tially of interest for understanding both 
macroeconomic fluctuations and economic de- 
velopment.” Our focus here is only on the first 
of these issues. There are many strands in the 
literature on aggregate models with some form 
of indeterminacy or multiplicity of equilibria. 
We now review. how the model of this paper 
fits into this extensive literature. 

Some of the first models of multiple equi- 
libria in macroeconomics were derived from 
the analysis of fiat money in William A. Brock 
(1975). Subsequently, Guillermo A. Calvo 
(1978) and David Cass and Karl Shell (1983) 
allowed for overlapping generations of agents. 
Peter Diamond (1982) introduced search 
externalities in the labor market. Michael 
Woodford (1991) exploited kinked demand 
curves that could arise under imperfect com- 


petition. As macroeconomists, we believe that . 


the mechanisms identified in these papers are 
not central for generating expectational inde- 
terminacy in real economies. However, as eco- 
nomic. theorists, we have been able to take 
advantage of the insights that have developed 
in the exploration of these models. To cite just 
one example, our analysis of stability under 


3 See Alwyn Young (1993) and the survey by Kiminori 
Matsuyama (1995) for a discussion of the relevance of 
_ models with multiple equilibria and multiple steady states 
to the development experience. Benhabib and Jordi Gali 
(1995) also use these kinds of models to characterize the 
behavior of different developing countries. 
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. arise in a model where innovation is motivalz 































learning builds on results developed by’ Rr 
Howitt and R. Preston McAfee (1992) ix; in ge: Dine 
context of a model with search externalitigg Paga 
the labor market. . By oes 
In the more recent literature, one stry $ 
(surveyed in Roger Guesnerie and Woogfes # 
1992) focuses on the possibility of endis $ 
nous fluctuations in dynamic economies w- 
ulatéd with overlapping generations of agag; 4 
Another strand has stressed complementary # 
in the decision-making of different agents tai i 
arise from externalities or imperfect comp: aline: 
tion. These complementarities can lead fi 1 X Mode 
multiple equilibria, sometimes even to a tg: Prachi 
tinuum of equilibria. Recent surveys incik £ rail st 
Joaquim Silvestre (1993) and Matsuyaiy Fas, 
(1995). Many of these models do not, lee 
ever, explicitly construct rational expectation By 
models with endogenous fluctuations arisi 
from expectational indeterminacy. Somé d&# 
this work was motivated by macroeconýik Aate 
fluctuations, but a large and growing fractis B bii 
of these models arises from the analysis d # dimple: 
long-run growth. We will return to a dist fr gig 
sion of the growth models below. HERL 
Our model is descended from two linesd E (arti 
work. One, illustrated by Andrei Shleifé Risther 
(1986), shows how aggregate fluctuations ¢# $ avail 


by monopoly rents. The second line, dey “Sil ¢ 
oped by John Bryant (1983), emphasizes & [3 F At 
importance of complementarity between ints Be, Sods 
mediate inputs in production. Recent work@ ae G: 
complementarities and imperfect competit & ss 
has used models with unique equilibria ¥ ed D 
large multipliers, e.g.; Satyajit Chatterjee # REPE i 
Cooper (1993), or models with expectation Be: ae 
indeterminacy, e.g., Chatterjee et al. (1993 aro 
different, but the substantive economic t 1 
sumptions are qualitatively the same. Webs! 
chosen the second approach because it loch gi aries 
the source for economic fluctuations squ? J bis 
on expectations. E héa 
The unexpected discovery that growth m me: kK 
els sometimes exhibit various forms of !2 $5 9% 
terminacy or multiplicity of equilibria lonio p 


é See also Russell W. Cooper and Andrew yon (É A 
for an influential and clear discussion of compa are 
in macroeconomic models. 

























tg work on these issues.’ These papers 
pees. ane underlying multiplicity of equi- 
SEE sie sate ‘qemonstrating the existence of a 
is Casto of perfect-foresight equilibria con- 


dS. -is in a neighborhood of this steady 


endon £ This, for example, is the main thrust 
jeshe suahabib et al. (1994) that uses a model 


star to ours. In general, this literature 
$on-local linearizations, whereas our 
sivgig:depends fundamentally on global 
3 ear ti es. 

Is with a continuum of equilibria ap- 
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iw a AY k Ax 7 “it 
D 8s - 
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todo coaching a single steady state can offer a 
sine -acol strategy for justifying the stickiness of 
atsuyan “and the power of monetary policy. 


not; MAES z Sce: Farmer, 1991; Paul Beaudry and 
pectatigameta izhael Devereux, 1993, for models of this 

Espe) However, a potential difficulty with 
lutions in the neighborhood of an indeter- 


vecong EE einate ‘steady state is that they may not be 
ag frac rabust under learning. For example, in the 
analys g8 simplest model in this genre (the overlap- 


o a dist cing generations model with money ) Robert 
ae y; i R 
E E Lucas, Jr. (1986) found that adaptive 

wo ling isming schemes selected the determinate 


tuations@aevans and Honkapohja (1994) confirm this 
is motii ck of robustness for a somewhat more gen- 
ine, dral class of models. 
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a finite number of distinct steady states.® For 


some initial values of the state variables in 
these models, there may be a finite number of 
discrete equilibrium paths, each of which leads 
to a distinct steady state. These models have 
steady states in levels of per capita income 
with no growth or in which all steady states 
exhibit growth at the same rate. 

Our approach is similar in the sense that we 
start from an underlying model with a finite 
number of distinct equilibria rather than a con- 
tinuum of equilibria. However, in our case, 
these distinct equilibria have different growth 
rates rather than different levels. In our model, 
fast and slow growth are possible starting from 
any initial condition. Like Richard Startz 
(1994), we adopt this two-state approach be- 
cause of empirical work showing that a two- 
State model with a high-growth and a 
low-growth state gives a reasonably good de- 
scription of the variation in U.S. economic 
growth (James D. Hamilton, 1989). Jean 
Pierre Drugeon and Bertrand Wigniolle 
(1996) have also developed a model of en- 
dogenous growth with Markovian fluctuations 
in growth rates, but they, like Startz, rely on 
the assumption of large, positive technological 
externalities that increasingly seem to be em- 
pirically implausible. 


TV. Conclusions 


The most difficult challenge for macro- 
economists is to identify plausible mecha- 
nisms that produce large, coordinated 
aggregate fluctuations. A related, but easier, 
challenge is to find mechanisms that generate 
persistence in economic downturns. Our 
model of growth cycles, based on complemen- 
tarities and monopolistic competition, does 
both. 

As we emphasize in the previous section, 
our analysis builds on a variety of theoretical 


ae 
+ ye 


8 These can arise, for example, because of threshold 
effects as in Azariadis and Allan Drazen (1990), or be- 
cause of various kinds of increasing returns. Again, see 
the discussion in Matsuyama (1995). Galf (1995) pre- 
sents an example in which multiple steady states arise be- 


cause of an inverse relationship between markups and the 


aggregate capital stock. 
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results about multiple equilibria and expecta- 
tions. Our aim is to show that these phenom- 
ena can arise in a plausible model that makes 
sensible predictions. The model suggests that 
when firms make investment decisions, they 
pay careful attention to expectations about fu- 


ture economic activity and understand that the 
expectations of other firms will determine 


‘what takes*place."“Announcements about mon- 
.etary policy are one example of a variable that 
‘could coordinate the expectations that differ- 


ent firms form, but there are many candidate 
variables that can play this role. 

To summarize the contribution that our pa- 
per makes relative to the existing literature, it 
is useful to separate the formal differences in 
our modeling strategy from the substantive 
differences in our economic assumptions. Ata 
formal level, our model generates persistent 
growth rather than convergence to a steady 
state. The underlying growth model exhibits a 
finite number of distinct equilibria, whereas 
many other models rely on a continuum of 
equilibria. We focus not on indeterminacy per 
se, but rather on a pattern of stochastic 
switches between fast and slow growth. We 
explicitly show that our candidate equilibrium 
survives even when we introduce learning. We 
avoid increasing marginal productivity of in- 
puts (or falling marginal cost of output). We 
do not allow for external effects. 

The crucial economic assumptions in our 
growth model are selected because of their 
plausibility: fixed start-up costs, ex post mo- 
nopoly profits, and complementarities be- 
tween types of capital goods. These elements 
yieid a model of economic fluctuations driven 
by self-fulfilling shifts in expectations about 
the returns to investment. Expectations also 
enter in a way that we find plausible: the 
strength of business confidence depends on 
short- and medium-term forecasts of the rate 
at which future sales and profits are expected 
to expand in the entire economy. 

The kind of theoretical exercise under- 
taken here cannot prove anything about 
the quantitative importance of complemen- 
tarity or market power. However, it can 
show that these effects can generate self- 
reinforcing pressures. It can also show that 
nothing in standard economic theory rules 
out the possibility that these pressures are 
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APPENDIX 


A. Perfect-Foresight Equilibria; 


We will derive the general expression gf x i 
the no-arbitrage condition depicted į in: Tipi z Fee 
ure 3. The monotonically i increasing versie E A: 
depicted in Figure 2 emerges as a spècig 
case. AE 

Final goods producers are price takers inti! pee: 
market for capital goods. In equilibrium tig gu? 
equate the rental rate with the marginal pret CMR, 


uct of capital t) fi 
ven b 
OY = 

(Al) RG) = 57x PR) m 
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The firms that supply capital goods act as. HE 

nopolistic competitors. Formally, they oe | 
general-purpose capital Z and convert it 6g 
specialized types of capital goods at the led 


one unit of general-purpose capital for one E its of 
of specialized differentiated capital. Our aE ause tl 

F + gt P 
convention implies that production is ‘Piper al ez 


at the end of a period. At the end of es ue 
capital-goods supplier will earn revi 
R,(j)x,(j). In the beginning of period t, ibe 
x,(j) units of Z to produce the x,(j) ub Esra Presen 
capital of type j that this firm owns and: caf roan 
out. The rental cost on these units of; 2g 
r,x,(j)p?, where p? is the price in units of of 
sumption of one unit of Z. A fraction d 2 d ; 
capital goods depreciates in period z, so ee : mt 
tal cost to the capital-goods supplier in PA Brac 2738 ; 
tis (r, + a).x,(j)p%. This firm selects its 88 a aes 
to maximize profits, taking as given the iN Las a i 
demand curve for the rental price in | 
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ine the price p*. This leads to the mark- 


a ea holds for each intermediate good 


k St ‘have by symmetry, that the provision of 
E? oe iate goods is at the same level for all 


ij and we denote their common value at 
ae Ne ne tby x,(j) = X: It follows that aggregate 
| (aes at time t is given by 3 
ria ige er 
ag Y, = LI (x7A, j, 
-SSiOnt 
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L $ SINR e given by (A2). Profits (at the end of 
Piod t) for each type of intermediate good 
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S 5, n 0:91 = oC -o(] ce yyy teary, 
s.act 2 M TA y produce a particular type of interme- 
rey pur ee He good j, a firm must first incur the cost 
nvert ste es BVE: ting and designing this good. Recall 
at the Ta ER tthe'cost of a new invention for good j is 
| for ont} pats ofi investment goods Z where & > 0. 
1. Our tie = cause ‘the firms are monopolistic compet- 
n is recess, al teach time ¢ the quantity of designs 
of perit, elérmined by a zero profit condition 


rn reve Bich states that the fixed cost of the last 
ad tite pe Created at time ¢ must be just equal to 
BFfesent discounted value of the stream of 
eopoly ents it-offers. In a perfect- 
esipht equilibrium with balanced growth, 
t rate is constant and the required 
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This expression for discounted profits re- 
flects our assumption that the cost of in- 
venting a good is incurred at the start of 
period ż but the first profit is not realized 
until the end of the period. Under balanced 
growth, the rate of growth of designs A, , ,/ 
A, = ga Will be constant. Substituting (A5) 
into this sum gives 


p*As = Ale- IMA BOC (yr ae ajpy er @ 


oO 


KA (ea aye 


Because we assume that € = (ġ — 1)/(1 — 
a), we can cancel Af and sum the series to 
obtain the zero profit condition 


(A6) g§=1l+r 


= Q(p?) 7O a(r + aye 7a) 


Gross investment is equal to the net increase 
in Z minus a correction for the depreciation of 
physical capital goods. Let 7 represent the 
fraction of Z that is allocated to physical cap- 
ital goods. We derive an expression for 7 be- 
low. Production of general-purpose capital Z 
takes place in a competitive sector, so that the 
price of capital goods in terms of consumption 
is 





dC, Zr + +] 

== = y’ —1+dn,]. 
j dZ, + | i (5p Zi n) 
[Recall that the function y(-) specified in (10) 
gives the trade-off between consumption and 
Z.| 

At any date ż, the following relationship 
must hold between Z, x, and A: 


`~" tee 


Ay ALTE 
(A7) Z,=,A; + f is di = x,A, + 1+é ; 


Along a balanced growth path, the output- 
capital ratio Y/Z, the growth rate of capital, 
the interest rate, and p* are constant. Using 


tant 
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(A4) to substitute for x,, one obtains an ex- 
pression for Z, in terms of A,: 


(A8) Z -aila PE 


R, l/(œæ— 1) 
4 + é 2) | 
py |} ce i 


= A;**u(R,). 


Note that we have defined u(R) as a shorthand 
expression for the term in braces in (A8). 
Since 7, = A,x,/Z,, 1t follows from (A7) and 
(A8) that 


1 
(1+ €)(R,) ` 


Thus we can express the price of general- 
purpose capital as 


n(R,) = 1 


(A9) p7 = x' (8z -1 + dn(R(r, p*))). 


Finally, from the above expression (A8 ) for 
Z, it follows that g7 = g,**. Substituting in 
the expression (A6) for g, and using € = 
i@ —1)/(1 — a) we have 


(A10) gz=[1 +r- Qp "A 


x (r+ g ra E EGE 1) 


Together, equations (A9) and (A10) give an 
implicit definition of the locus of pairs (g, r) 
that are consistent with the zero profit condi- 
tion. In the special case where y is the identity, 


- p* is a constant that can be taken to be equal 


to 1 and equation (A10) alone determines this 


locus. These loci are the “‘technology’’ curves 


in Figures 2 and 3. 

To complete the analysis of the perfect- 
foresight equilibrium, it remains to verify 
that consumption and the stock of Z grow 
at the same rate. Note first that if we sub- 
stitute (A4) into (A3), this generates an ex- 
pression for Y, in terms of A,. Using the 
expression for Z in terms of A from equation 
(A8), it follows that the ratio of output to 
total capital is constant along a balanced 
growth path: 
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- Next, we solve for the optimal patteri Mi bs ss, = 
consumption by the method of undetern; S acion 
coefficients. We guess that consumption tka #4 A Kof § 


the form C, = 6Z, and solve for 8. From, u tax 
athresh« 


we obtain 


(A12) gz = [80 +r]. 


Finally, we note that we can use equation ag EA It 
to conclude that Net DO 


e $ perfect 
(A13) 8&(r,p?) ri f ealcilat 
PE a NB 
- x{ [80 +r] ee 
a dn(R(r,p*))}. sc beh h 


It remains for us to specify the parameta Hi 
we used in the calculation of our numendf:: 
example and the precise form we selecteditg:' 
the function x. In the calculation of the stg: 0 
stable perfect-foresight equilibria, we used E8: 
following parameter values: a = 0.4, 02f: 
015, d = 4, d = 0.15, B = .962, o = =ar : 
L = 0.356244889. 

A continuous, piecewise linear form ie aa 
derlying the y function was constructed sie mere: 
lows: %(0) = 0, ¥’(y) = po for y <rEe 
X (y) = pı for yı = y = yo, and X’ (y) BRE 
for y > ya. The smoothed function sets x0) in 
X(y) for y = yı, — 5159: +ô <y = 74 Ge 
and y > yo + b>. In the interval (Yı oa 6,318 TA 
ô] x(y) is the quadratic which satisfies Na pa 
ôi) = XC — 61), X Oi — 61) = K O E 
Similarly, in the interval (yz — 6), Y2 T 
x(y) is another quadratic satisfying x0 
ô2) = X2 — 2), x’ O2 — 62) = X' 7 
For the numerical example we Orah ZCA 
values pọ = 0.555406, p, = 1.46523, pid E 
5.06686, y, = 0.0199733, y2 = 0. 0535351,4 E ae 
0.001, 6. = 0.0005. F 

































arameter values nonnegativity of 
ion is satisfied. We must also verify 
yf discounted utility is finite along all feasi- 
wth paths and that the transversality 

s cSimtjon at "infinity is satisfied for the con- 
a” gsner. To establish both of these results, it is 
E, to show that the maximum feasible 


of growth satisfies gia’ < 1/8. To do 
“si a we. impose an additional constraint on the 
eTA ¢ cetion x which limits the maximum feasible 


f growth of Z. Specifically, we assume 


on ce 0 ifically, we as 
tonii tary. y) goes to infinity for values of y above 
-Ea threshold Ymax- in our numerical example, the 


ieee wth rate for Z satisfies the inequality 
k ony +7r= PB 'g7, so we know that we can 

Kk a value Of Ymax that is strictly larger than 

the value of y that obtains in the high-growth 

| r. It follows that the imposition of this up- 

i per bound will not change the values of the 

neifect-foresight equilibria that we have 

j eeuatd without imposing this bound. 

TE D „B. Equilibria with Expectational 

i o Indeterminacy 
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4 Once we introduce the random variable s, 
igus both households and firms face uncertainty 


4 A ea ‘about the state of the world in the subsequent 


paransi ‘period. We must therefore introduce state- 
r numer f contingent prices for output. Let q(s,, 5,41) 
selected imme Sen0te the price at the end of time t of one unit 
of the imme ‘ae gutput available at the beginning of period 
we usd ieee 4s COntingent on the realization of s,+;. 
= 0 ass E THES (Se S;41) prices only the uncertainty 
1 o =a lated with the realization of s,.,. For- 
Ae =y; Wwe assume that no clock time elapses 
- form Z Me ene this interval. The pricing of goods over 
das Met oe AS-associated with 
ructed Sime = ated with a state-contingent in- 


fo ye pest rate r(s,) which denotes the sure net one- 
LOA am FOTEL rate on consumption good loans 
a and Ee ee ret the interval extending from the beginning 
y = yi A. A od ¢ to the end of period t. Thus the q’s 
ee S Beice only the uncertainty and r’s price only 
tishies X : . Since one unit of „output in state 
g Bat the end of period t necessarily is one unit 
A a i m in either state one or two at the be- 
EE RR ng of period t + 1, we have the basic 

"3 € formulae 


LX 
46523599 (i, 1) + q(i, 2) =1 
053539 
a for i = 1, 2. 
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We need to restate all of the equations for 
the consumer and firms in terms that allow 
for the uncertainty associated with s. We be- 
gin with the arbitrage relationship for firms. 
The problem for the producer of the final 
good continues to be a static, one-period 
problem, so we can write R,(j) = OY/0x,(j) 
just as we did before. This producer considers 
only the rental cost R, of the specialized cap- 
ital goods that it uses. In contrast, the firms 
that produce, own, and rent out these spe- 
cialized capital goods now must worry about 
capital gains or losses on their goods that may 
be induced by changes in the price of general 
purpose capital, p*. When the economy 
switches to a slow-growth equilibrium, the 
rate of investment falls. This makes the cost 
of new capital goods fall, which makes the 
value of all existing capital goods fall. We 
can price the uncertainty facing the producer 
of a specialized type of capital using q(s,, 
S,4,) and the price p*. End-of-period profits 
for the firm supplying the specialized inter- 
mediate capital good j are 


[R (GCs) 
+ (1 = DPA 1) 
+ [RO 
+ (1 — d)p*(2)x,(j)]4(s,, 2) 


— (1 + r(s,))p7(s,)%C))- 


It is convenient to introduce the notation 


(A15) (s) = p*C1)q(s,, 1) 
+ p*(2)q(S;, 2) 
fors, = 1, 2 
- for the ‘‘expected’’ price of capital. Maximiz- ~ ~~~ 


ing profits then leads to the equation 
y "Ld + r(s,))p*(s,) 
- (1 — d)p*(s,)] 


for s, = 


(A16) R(s,) = 


12: 


As before, R,(j) = R, and x,(j) = x, turn out 

not to depend on j and (A4) becomes x,(s,) = 

LA DO -DTR (spy "I. 
End-of-period profits 7, are given by 


TÈS, Ås) 


= Ae- DC ~°OT(R (S,), P (s), r(S,), p*(s,)), 


ker . 


where 


I(R, p, r, p?) 


_ R aila— 1) R IZ{æ—~ 1) 
g ors) t Fa : 


x [(1 — d)p*—- (1 + Dp] | . 


The decisions to introduce designs are also 
dynamic and made under uncertainty. It is 
most convenient to approach the problem in 
terms of asset pricing. Let P(s,, A,) denote the 
price of one unit of designs in period tf contin- 
gent on the state s, and the aggregate quantity 
of designs A,. After they have been introduced, 
all designs are equivalent, so we can use a sin- 
gle price for all of them. Since each unit of 
design capital yields current profits 7(s,, A;), 
we have the arbitrage (or zero profit) 
condition 


P(S,, A;) 


— gsr, 1) 
<= 1 $ r(s,) (T(S A;) + Pcl, Ava) 

q(5;, 2) 
1 "3 r(s,) (TCS, A;) + P(2, Ar + 1)). 
At every date, the price of a unit of design 


capital is determined by the cost of producing 
the last design, 


P(S, A;) = A} tp *(S,). 


Writing 24(5;, S141) = Ar+1(8:41)/A,(s,) for 
the rate of growth of design capital and com- 
bining the above equations we obtain the 
equations: 


= 
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ete oes a o 
= (1+ r(i)) o 
x [T(R(), D, rC), roi 
; +(1+r(i))7 
x Eg, Deen, DE 










+ q(t, 2)p*(2)g,(i, D 


for i = 1, 2. ae Bs 
We look for a solution in which @ and p, Byes Re 
functions of the current state i of Sr. The a a 
of total investment to investment in design a 
given by “a 


where u is defined by (A8). From the e Ff 
ing equation the four possible growth my Re 
A,+:/A; = ga(S;, S;+ 1) are related to cap 
growth by | 


ME 


(A18) ga(i,j) = Gc rr 


Turning to the household, there are ont 
ler equations for the two state-contingent 
sets which pay one unit of consumption of 
l in a specified state. For.expected stis 
contingent interest rates r°(s,..;) these J i 
order equations are ae 


x 
* A 
AP 
H 3 
A 
RE cr 
TA 
ry 


` 
+ iiw: 


A 
3. 
Fes 


q (S, sof St ` (Sy, sa) 


C, 


= PIs, 5.4.01 +r “ad 


TA Bas. 
Here II(s,, s;4.,) is the transition probabil g (2 
from state s, to s,.,. We will also Us fT 
notation HM; = Tdi, j), i,j = 1, 2. The oa: 
timal solution for the household allows: Eke as 
consumption to capital ratio to depend Te: * ag 
state s,: nE TOS 


(C,/Z,)(5,) = O(S;). 


ees for i,j = 1, 2. 
i additional. restrictions on the values of Ai) 
-ame from the product transformation function 


(10) which holds state by state. Thus we have a 
g- e version of equation (A13): 


200) = \(R(i)) 
— x[gz(i) — 1 + dn(R(i))] 


for? = 1, 2. 



















rip ne 
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ta 
` 

$ ae NT 

ae xig 
+ - 
t. 


è or 
Derg oad fou 


ce a 2 ‘Final y, we have the state-contingent version 
a p of the capital price equation (A9) 


Pe a (a) PD = x’ (8zi) — 1 + dn(RG))) 
: ai fori = 1, 2, 


: * the rational expectations condition 


‘ae p22) r(i)=r(i) fori = 1,2. 
the equations (Al14)— (A22) form a sys- 
A pat: 22 nonlinear equations in the 22 un- 
idee owas 7(i), r°(i), RCG), qC, j), O(i), p C), 
SUE T (i); bal, J), and g7(i). These characterize 
a aa eq equilibrium with expectational indetermi- 
eae mitting (A22), these equations gg 
ine the mapping (r(1), r(2)) = 
or r*(2)) described in the main text. 


Pars 


Existence and Stability of Growth Cycles 


Pees, 
of notational convenience write 7; = r(i) 
$ TES =r (i) fori =`]; 2. We now sketch 
‘aS Boot of the proposition given in the text: 
Pastas that generically there exist growth — 
ie; ideni t. probabilities in a neighborhood of 
zs entity matrix when there are distinct 

TRTE “sight, balanced growth paths. Let 
e interest rates for two distinct 


paths. By assumption r, + 
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W((n, 12), (Il, Ip. )) 


= T((r, n), (Mn, M2)) — (ri, 7), 


where we have made the dependence of the 
map (-) on the probabilities IT,,, II.) ex- 
plicit. If we introduce vector notation r = 
(ri; r2) and II = (Ili, IH), we can write 
the key condition of the implicit function 
theorem as the requirement that the matrix 
D,W ; evaluated at that pair of steady states, 
is nonsingular. 

By inspecting equations (A14), (A15), 
(A16), (A17), (A18), (A19), (A20), and 
(A21), it is seen that for the first component 
of W we have 


(A23) W,(Cr, r2), (1, Il2)) = T(r) = 7 


for Wri, Pr, IL», 


where T(r) is given by equation (8). To show 
this we first note that [I,,; = 1 implies 
q(1, 1) = 1. Substituting g(1, 1) = 1 into the 
relevant members of equations (A19) yields 
the preference curve (A12). Second, inserting 
q(1, 1) = 1 and q(1, 2) = 0 into (A15), 
(A16), and (A17), and taking into account 
(A18), we obtain the technology curve 
(A10). Finally, it is easily seen that (A21), 
(A15), and (A16) yield (A9). A similar ar- 
gument can also be made that W3((r,, r2), 
(Il, 1)) = T(r) — Vy when I> = l. 
From the above one can compute 


(A24) D,W (7, ra), (1, 1)) 


e(r = > 0 ) 
0 T’ (ry) -— 1 


at (rz, Ty). Thus, growth cycles exist in a 
neighborhood of (r, rg pres Nese T'(r #1_ 
and T’ (r y) +l. 


Next, we consider the stability of an equi- - 


librium under adaptive learning. Evans and 
Honkapohja (1994) show that the dynamics 
defined by (13) are locally stable—i.e., the 
trajectories starting from any point in a 
neighborhood of the equilibrium converge 


almost surely to the equilibrium— whenever - 


æ- ena amm 


A 
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a. condition known as E-stability is satisfied.’ 
For E-stability it is required that the eigen- 
values of D,T, evaluated at an equilibrium 
growth cycle, have real parts less than one. 

By continuity of eigenvalues and (A24), this 
condition is met in a neighborhood of (r;, 
ry) provided T’(r,} < 1 and T’(ry) < 1. 

This proves Proposition l. 
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Financial Intermediation and Regime Switching 
in Business Cycles 


By Costas AZARIADIS AND BRUCE SMITH* 


We study a one-sector growth model where capital investment is credit financed, 

and there is an adverse selection problem in credit markets. The presence of 
adverse selection creates an indeterminacy of equilibrium. Many equilibria dis- 
play permanent fluctuations characterized by transitions between Walrasian re- 
gimes and regimes of credit rationing. Cyclical contractions involve declines in ` 
real interest rates, increases in credit rationing, and withdrawals of savings from . ` 
banks. For some configurations of parameters all equilibria display cyclical fluc- 
tuations. We provide sufficient conditions for deterministic cycles consisting of 
m periods of expansion followed by n periods of contraction to exist. (JEL E30, 


E32) 


Monetary economists have frequently ex- 
pressed the view that the financial system is 
an important source of —and propagation 


. mechanism for—cyclical fluctuations. Indeed, 


John Maynard Keynes (1936), Henry Simons 
(1948), Milton Friedman (1960), and many 
others have argued that the free and unregu- 
lated operation of financial markets can lead 
to indeterminacy of equilibrium and ‘‘exces- 
sive economic fluctuations,’’ even in the ab- 
sence of shocks impinging on the rest of the 
economy. In modern terms, this argument 
claims that the financial system itself is a 


* Azariadis: Department of Economics, University of 
California, Los Angeles, CA 90024; Smith: Department 
of Economics, University of Texas, Austin, TX 78712. A 
preliminary version of this paper was entitled ‘‘Endoge- 
nous Intermediation Cycles.’’ For helpful comments we 
are indebted, without implication, to Patrick Asea, Angel 
de la Fuente, Jean-Michel Grandmont, Nobuhiro Kiyotaki, 
Simon Potter, Pietro Reichlin, Bill Schworm, two anony- 
mous referees, and to seminar audiences at the University 
of Southern California, the NBER Summer Institute, the 
Federal Reserve Banks of St. Louis and Minneapolis, the 
University of California at Davis, Irvine, Riverside, and 
San Diego, the University of British Columbia, Simon 
Fraser University, the University of Victoria, the Canadian 
Macroeconomic Theory Meeting, Stanford University, 
and Stanford Institute for Theoretical Economics (SITE). 
Azariadis acknowledges hospitality from the Instituto de 
Analisis Economico, Universitat Autonoma de Barcelona, 
Universita di Napoli, Universidad Carlos II, and travel 
support from the Human Capital and Mobility Program, 
Commission of the European Communities. 
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This view has a strong empirical foundat Efe 
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other assets. For instance, almost all of the pf pit J] 
World War II recessions described! j: 
Friedman and Anna J. Schwartz (1963) we 
associated with increases in the curren. 
deposit ratio, and with an implied withdravt § 
of resources from the banking system. Partit] ; 
ularly severe recessions were associated Wi 
particularly sharp increases in the curren ie 
deposit ratio (that is, with bank panics). Ag gary 
even in the last three decades, several ay 
cessions have been accompanied by pheno Wied iat 
ena termed “‘disintermediation’’ or “ciel TN 
crunches.” In all of these episodes the va ol i iad 
of bank-extended credit declined, and. “SRRA 
crunches’’ have often been associated: wiht Bont 
increased incidence of nonprice rations r Span 
credit. cary 
Why do we observe such sharp fucrit Be 2 
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these fluctuations be the ‘‘cause’’ of b gt ata. 
cycles, as many (for instance, Friedman ® (be 
Schwartz) have claimed, or are they Mei: Bese 


' See, for example, Stacey L. Schreft (1990) 07" 
and Raymond F. Owens (1995). 
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all loan contracts offered must be incentive 
compatible. 

In our economy there is a range of values 
for the current capital stock (equivalently, for 
factor prices) which make the full-information 
allocation of credit incentive compatible. Here 
Walrasian allocations are competitive equilib- 
rja, and the equilibrium law of motion of the 
capital stock coincides with the law of motion 
that would prevail under perfect information. 
However, we also show that there is a range 
of current capital stocks for which Walrasian 
allocations cannot be incentive compatible; 
here incentive constraints must be binding and 
credit will be rationed. Credit rationing in our 
economy necessarily diminishes capital for- 
mation and reduces the level-of real activity 
relative to what would be observed under pub- 
lic information. This raises two distinct pos- 
sibilities. One is that the allocation of credit 
that would arise under public information is 
incentive compatible, or consistent with self- 
selection, under private information. In this 
case the full-information allocation can be du- 
plicated by the appropriate choice of loan 
contracts, despite the presence of the infor- 
mational asymmetry. As a result, a fully Wal- 
rasian allocation is feasible, and the adverse 
selection problem is innocuous. Alternatively, 
it may be impossible to induce self-selection 
without imposing quantity constraints on con- 
tracts. In this case the adverse selection prob- 
lem ‘‘matters’’: lenders will use credit 


‘rationing as a means of separating borrowers 


with different ex ante repayment probabilities, 
and incentive constraints will be binding in 
equilibrium. 

Finally, there is a nontrivial closed interval 
of current capital stocks having the following 
property: if the public-information allocation 
arises, it is incentive compatible and hence a 
true competitive equilibrium. At the same 
time, if credit rationing occurs, incentive con- 
straints do bind on the choice of equilibrium 
loan contracts, so that a non-Walrasian equi- 
librium also exists in which the adverse selec- 
tion problem does affect allocations. For this 
range of current capital stocks, then, the econ- 
omy can be in either of two equilibrium 
regimes: a Walrasian regime in which com- 
petitive markets allocate credit in the standard 
way, or a regime of credit rationing. When 
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credit is rationed, resources leave the banking capital investment, and real activity wil “RURU: 
system and the allocation of investment be- pand. Here changes in depositors’ expenses > ee 
comes less efficient in a manner we will make act once more as a self-fulfilling proph ea KAOS 
precise. Since each of these regimes is consis- rising real interest rates, rising real activity a us 
tent with equilibrium, equilibrium is indeter- a transition from a regime of credit ratio ang PA 
minate: the economy can follow either the one of Walrasian allocations. Sea 
full-information or the private-information As this discussion suggests, depositor 
law of motion for the capital stock. Moreover, liefs about financial regimes are at the ahs 
as we will demonstrate; there exist equilibria the multiplicity of equilibrium and of tre = 
in which the economy can switch from one law gime transitions that can be observed he: He 
of motion to the other in either a deterministic This observation leads us to ask an additigga Bj 
or a stochastic manner. These regime transi- question: are there any equilibria in whichg $s 
tions will be associated with fluctuations in positor beliefs never change? We descrity eA 
output and the capital stock which need not some conditions under which the answer} 
dampen over time. Thus both indeterminacy yes. Under these conditions, there is necegge fary 
of equilibrium and “‘excessive’’ fluctuations ily a large set of equilibria. In two of thes | cera a 
can be observed when agents are privately in- equilibria, depositor beliefs are invariant oyy -S4 sj: 
formed about loan repayment probabilities. time, and depositors always expect high (l0¥} pane 
Why does private information induce this real interest rates. As a consequence, the ecm gs4 
regime switching, and the economic fluctua- omy is always in a Walrasian ( credit-rationg)) poe 
tions that go with it? As we will show, Wal- equilibrium. In addition, there is a large sid Rex oun 
rasian allocations are consistent with an equilibria— which we characterize —whts Bee gay 
incentive-compatible allocation of credit only depositors’ beliefs fluctuate in ways that is. hey, 
if the real rate of return on savings (deposits) duce regime transitions. Here it is possible -saiit 
is sufficiently high, Then suppose the economy take the view that depositor beliefs fluctua ‘bak Be: 
is currently in the Walrasian regime. If savers somewhat capriciously. aoe Po 
(depositors) anticipate a sufficiently low real However, we also state conditions unde iene 
return, they transfer some savings out of the which this turns out to be an overstatemed F tippi; 
banking system and into other, lower-yielding and there are no equilibria consistent witht §: gigan: 
assets. This savings outflow forces banks to changing depositor expectations. When tht ~ $:j. 
ration credit, firms to curtail capital invest- conditions are satisfied, all equilibria displ z dit 
ment, and real economic activity to decline. regime transitions and endogenously arisi Es tes 
Moreover, the existence of credit rationing volatility. oem 
breaks the link between the marginal product Why are regime transitions a necessari TA Ao 
of capital and the equilibrium rate of interest. ture of any equilibrium for some economi: iyi 
This makes it possible for interest rates to fall As we have already argued, there is a ci , 
in the way that savers anticipate. Thus depos- bound on the rate of interest that is consist 
itors’ expectations of declining interest rates with a Walrasian allocation. Moreover, i j 
become a self-fulfilling prophecy which forces Walrasian allocation, the real rate of inter 
a transition from the Walrasian regime into a and the marginal product of capital coin 
regime of credit rationing. The consequence of Thus, if the capital stock is too large (the A 
tighter credit is an economic contraction in ginal product of capital is too small) in awia ie 
which both real interest rates and real activity rasian allocation, this allocation Cal g& 
decline. constitute an equilibrium for it is not consist Re | 
Alternatively, suppose that the economy is with an incentive-compatible allocatio# 9} 3 ae 
currently in a regime of credit rationing. As we credit. There is, then, an upper bound 08. xe 
will demonstrate, credit rationing can occur level of real activity that can be observed t Ei ‘EPRS 
only if the real rate of return on savings (de- the Walrasian regime. a ee Sol 
posits ) is sufficiently low. If depositors then ex- Similarly, we show that there is an M Saa 
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pect rising real interest rates, resources will bound on the marginal product of oot gz ae 


flow ‘back into the banking system. Credit can lower bound on the level of real activity) =y $4; ENE 
no longer be rationed, banks will finance more is consistent with the rationing of credit. oe IF 
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A -i stock is too low, banks will find bigger 
SR, -in [ending indiscriminately to all bor- 
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ow) the upper (lower) bound on real- 
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n) cycles to exist. We also show how to find 
the associated values of m and n, and we in- 
dicate when expansions will be longer or 
shorter than contractions in a maximally per- 
sistent cycle. 


The remainder of the paper proceeds as fol- 


lows. Section I lays out the environment and 


the nature of trades, and describes the equilib- 
rium conditions that obtain when credit is and 
is not rationed. Section IT shows how the econ- 
omy can transit between Walrasian regimes 
and regimes of credit rationing, while Sections 
M and IV examine the existence of cyclical 
equilibria which display undamped oscilla- 
tions. Section V concludes. 


I. Capital Accumulation With Adverse Selection 
A. Environment 


We consider a simple variant of Diamond’ s 
one-sector neoclassical growth model. In par- 
ticular, at each date t = 0, 1, --- a new set of 
two-period lived, overlapping generations is 
born. Each generation is identical in compo- 
sition, and consists of a continuum of agents 
of measure one. 

At each date there is a single consumption 
good, which is produced using a standard 
constant-returns-to-scale production function 
with capital and labor as inputs. A capital input 
of K, combined with a labor input of L, permits 
F(K,, L,) units of this good to be produced at 
t. We let k, = K,/L, denote the capital-labor 
ratio, and f(k,) = F(k,, 1) denote the intensive 
production function. We assume that f(0) = 
0, that f’ (k) > 0 > f"(k) Vk = O, and that f 
satisfies the usual Inada conditions. We also 
assume that the consumption good can be 
stored: one unit of the good stored at t returns 
a units of the good at t + 1. Throughout we 
think of a as being relatively small, so that 
storage is a relatively unproductive activity. 
Finally, the consumption good can be used to 
produce capital; one unit of consumption 
placed in a capital investment at ¢ returns one 
unit of capital at z+ 1. 

Within each generation, agents are divided 
into two types. A fraction y > 0.5 of young 
agents are of type 1. These agents are endowed 
with one unit of labor when young, and are re- 
tired when old. In addition, they have access to 


bal 


520: THE AMERICAN ECONOMIC REVIEW rN eas 


J the storage technology just described, but they 


have no access to the technology for converting 
current goods into future capital. A fraction 1 — 
y < 0.5 of each generation is of type 2. Type 
2 agents cannot work when young, but are en- 
dowed with one unit of labor when old. In ad- 
dition, we assume that type 2 agents have no 
access to the goods storage technology, but that 
“they are endowed with the technology for con- 


verting current consumption into future capital. 


Thus, in many respects, type 1 and 2 agents are 
mirror images of one another. Finally, we as- 
sume that all agents care only about old-age 
consumption, and are risk neutral.* In particu- 
lar, labor generates no disutility. 

Notice that type 1 agents are natural lenders 
at any interest rate because they need to pro- 
vide for old-age consumption. Type 2 agents 
are natural borrowers who need credit to fi- 
nance capital investments. Between borrowers 
and lenders stand financial intermediaries, or 
banks, which accept deposits and extend loans. 
Their cost of doing so is zero.* 

Finally, there is a set of initial old agents 
who are endowed with a per capita capital 
stock of kọ > 0. We assume that capital de- 
preciates completely in production. 


B. Full Information 


In this subsection we describe a competitive 
equilibrium of this economy under the as- 
sumption of full information, and in particular 
that all allocations and the type of each agent 
are publicly observable. We also assume 
throughout, without loss of generality, that 
each type 2 agent (recall that these agents own 
capital) runs one firm and works for himself. 

At date t each young type 1 agent supplies 
one unit of labor inelastically, earning the real 
wage rate w,. All of this income is saved, to 
be allocated between storage and bank depos- 
its. We let s, be per capita storage at t, 


* The assumption that agents are risk neutral precludes 
lotteries from playing a useful role under private infor- 
mation. The assumption that agents care only about old- 
age consumption allows us to abstract from consumption/ 
savings decisions. Both are inessential simplifications. 

“It is not essential that credit extension be intermedi- 
ated. However, the assumption that all credit is interme- 
diated entails no loss of generality. 
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straints bind. Then, in Section H, we examine 
a full general equilibrium in which incentive 
constraints may or may not bind in an endog- 
enous way. 

We work with a simple structure of infor- 
mation; household type and storage activity 
are private information, while all market (both 
labor and credit market) transactions are pub- 
licly observed. These assumptions imply that 
young type 2 agents cannot credibly claim to 
be type 1 when young, since they are unable 
to supply labor. Type 1 agents, however, can 
borrow when young. If they do so, they must 
borrow the same amount (b,) as type 2 agents, 
and they cannot work. In addition, type 1 
agents are unable to produce capital, and hence 
cannot function as producers in old age. Thus 
any type 1 agent who borrows will be discov- 
ered as having misrepresented his type. In or- 
der to avoid punishment, a dissembling type 1 
agent will simply store what he borrows and 

‘‘go underground’’ or abscond with his loan. 
Thus a loan made to a type | agent will never 
be repaid.° 

Given these circumstances, bank behavior 
must be modified in two respects. First, loan 
contracts must earn nonnegative profits. Let u, 
denote the fraction of type 1 agents who claim 
to be of type 2. Since such agents never repay 
their loans (and all borrowers borrow the same 
amount), banks earn nonnegative profits iff 


(8) rot 2Roi {1+ aM- dN] }; 
t= 0. 


Equation (8) requires that type 2 agents, who 
actually repay loans, pay enough to cover the 


ô The hallmark of any model of credit rationing based 
on adverse selection or moral hazard [ for example, Joseph 
Stiglitz and Andrew Weiss (1981) or Valerie R. 
Bencivenga and Smith (1993)] is that some borrowers 


` have a higher probability pf repayment than others, and 


hence care more about the interest rate dimension of the 
loan contract. Our specification is simply the most extreme 
(and simplest) version of this possibility: type 1 agents 
default on loans with probability one, and type 2 agents 
repay with the same probability. There is no conceptual 
difficulty associated with allowing type 1 and 2 agents to 
have loan repayment probabilities strictly between zero 
and one. However, this merely adds complexity without 
bringing any additional substantive issues into the 
analysis. 
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FIGURE 1. WALRASIAN EQUILIBRIUM 
LAW OF MOTION FOR k, 


defaults associated with loans to type 1 agents. 


Second, if u, < 1 holds,’ type 1 agents must - 


do at least as well by working when young and 
saving as they would by claiming to be of type 
2. Working when young and saving generates 
a lifetime utility level of R,..;w, at t, while 
claiming to be of type 2 generates a lifetime 
utility level of ab,. Hence loan contracts must 
satisfy the incentive constraint (or self- 
selection condition) 


"If u = 1, no young agents work at t, no savings are 
supplied, and k, +; = 0. The economy jumps to the autarkic 
steady state. 

8 Our assumption that labor-market activity is perfectly 
observable implies that dissembling type 1 agents can sup- 
ply no labor when young. However, there is no conceptual 
difficulty with allowing dissembling type 1 agents to gen- 
erate some labor income when young. In particular, sup- 
pose that a young type 1 agent who misrepresents his type 
can supply $ < 1 units of labor, where 1 — ¢ then rep- 
resents the cost of working surreptitiously. Then equation 
(9) becomes R, + w, = a(b, + dw,), while equation (12) 
below must be replaced by k,,; = (1 — y)(1 — })w(k,). 
Clearly this leads to no qualitative difference in results. We 
therefore pursue the simplest specification with ¢@ = 0. 
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(9) R, + ıw, = ab; í 


















Since equation (9) is central to the analys 
that follows, it is important to be clear abe $: 
its content, and about the assumptions hig) 
support it. Equation (9) simply states the cot § 
dition that is required in order to prevent typ $F 
1 agents from falsely misrepresenting Ù% 
type, borrowing, and absconding with b84- 
loans. The essential assumptions underly 
it are: (i) agents’ types are private informs $- 
tion; (ii) the amount borrowed is publicly 
served, while (iii) the allocation of 
between investment and storage is not, 
(iv) the returns on investment cannot tt 
concealed, while the returns on stora 
can. nie 
Assumption (i), of course, simply asset re 
that lenders confront an adverse selecti. 
problem, while assumption (ii) is quit of we 7 ‘ 
dard in models of adverse selection. Asst: 
tion (iii) allows borrowers to divert fo Fe Fe 
from their ‘‘intended’’ uses; this is a co E 
formulation in models of investment w nf 
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phe 9 Assumption (iv) is based on 
‘rotion that some activities—like formal 
~ tuotion util > ; 
* -a are of a ‘‘public’’ nature and their out- 
=, jg difficult to conceal, while others are 
oe sprivate’ ’ nature which makes it easier to 
“propriate their returns. Similar assump- 
turn appropriability are common in 


ag on ret 
H- “a fm oral hazard (Gertler and Hubbard, 


%38, Gerile and Rogoff, 1990). 
Following Michael Rothschild and Joseph 
slitz (1976), we assume that intermediaries 
Nash competitors in loan markets who take 
TEE das deposit rate R, and the announced loan con- 
‘Ga -icis of other banks as given. As in Rothschild 
WEEE aed Stiglitz, it is easy to show that any Nash 
A aeuilibrium contract earns zero profits, so that 
‘AM (6) holds with equality. In addition, it is pos- 
iam’ cable to show that any nontrivial equilibrium 
$ (bat is, any equilibrium with k, > 0 Vt) has 
Sau j; = 0 Vr. In particular, contracts induce self- 
‘ge selection, and pooling is not a possibility." 
‘eae © Thus, if an equilibrium with credit rationing 
ME exists, it continues to satisfy equations (3) and 
ma, (6). Therefore (9) reduces to 
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straint (9) [or (9’)] holds as an equality and 
determines the equilibrium loan quantity. 
Thus, when credit rationing obtains, (9’) 
holds as an equality. 

Finally, in order for announced loan con- 
tracts (b,, r,+) to constitute a Nash equilib- 
rium, it must be the case that no intermediary 
can offer an alternative contract (b,, 7,.,) 
which is preferred by type 2 agents, and which 
satisfies (8) for some y,. It is straightforward 
to show that, if there is such a contract, it must 
be a pooling contract (u, = 1)'with f+; = 
R,.,/(1 — y) in order to satisfy (8). More- 
over, a pooling contract will attract type 2 
agents iff R,.,/(1 — y) = f'(k+;) holds.!! 
Since it is impossible to observe a pooling con- 
tract in a nontrivial equilibrium, the existence 
of an equilibrium with credit rationing requires 
that there be no pooling contract which type 2 
agents prefer to the contract (b,, R,;) = 
(R,,:w,/a, R,.,). This is so if 


(11) fF’ Cer) = Ri 1 (1 y). 


To summarize: in a regime of credit ration- 
ing, equations (3), (4), and (6) hold, as does 
(9’) at equality. Equations (10) and (11) must 
hold as well; these may (and typically will) be 
inequalities. 

Prior to proceeding, it will be useful to have 
the following preliminary result. Its proof ap- 
pears in Azariadis and Smith (1996b). 


PROPOSITION 1: Suppose that credit ra- 
tioning occurs at t, and that R,,, > a. Then 


Ka L= yw(k,). 


It is an immediate corollary of Proposition 1 


_ that credit rationing has no bearing on the 


aggregate behavior of the economy unless 
R,.; = a. We therefore focus our attention 
in the remainder of this section on equilibria 
in which there is credit rationing, and in 
which R, , ; = a (real interest rates are low ). 
The following proposition states our main 
result. 


1! Again, see Azariadis and Smith (1996a) for a formal 
proof, 
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FIGURE 2. CREDIT RATIONING 
Law OF MOTION FOR k, 


PROPOSITION 2: Suppose that there is 
credit rationing at t, and that R,4, = a. Then 
the evolution of the capital stock is described 
by 


(12) kaei d- y)w(k,), 


while the aggregate (per capita) quantity of 
oe storage at t satisfies 


(13) 5, = (2y — 1)w(k,) > 0. 


Proposition 2 follows from substituting R, + ı = 
a into (9’) to obtain (12), and from substi- 
tuting (12) into (7), to obtain (13). The prop- 
Osition asserts that, when credit rationing is 
accompanied by low real returns on savings, 
savings flow out of the banking system 
into the unintermediated activity we call 
*“storage.”’ 

As noted in Proposition 2, when credit ra- 
tioning does exist at date t, and when R,.; = 
a holds, equation (12) governs the evolution 
of the capital stock. Equation (12), of course, 
defines an increasing, concave function (as de- 
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picted in Figure 2) which has a unique nie F 
trivial intersection with the 45-degree line ae 
(1 — y)w’(0) > 1. We denote this intere a 
tion by k'. Since y > 0.5, the law of motië $- 
defined by (12) lies everywhere below the ln 
of motion defined by (7) —-so that credit f 
tioning impedes capital formation—and ki? #3 
k’ necessarily holds. Finally we note E ba 
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inequality (11) reduces to 


(14) F (kı+1) Sa/(1— y). 


is credit rationing. a a $ 
If credit is rationed at every date, then' “oe 
gives the equilibrium sequence of = a 


dynamics. Multiple equilibria and endogelt a 
fluctuations are associated with transitioB.;, $% 
tween Walrasian regimes and regime ae = 4 
credit rationing. Such transitions are the! cee 

of the next section. S 73 
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ay isties f '(k+1) > a, and in addition 


det (ko k za) satisfies (9°). Then the full- 
‘7a formation allocation is incentive compatible, 
-R 4 constitutes an equilibrium at t. Alterna- 
‘ úvely; suppose that, given k,, equation (9’) 
gives a value Ki i satisfying both f (k, + 1) = 
snd (14). Then credit rationing is consistent 
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i. economy can be in regime 0, it is useful to 
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RA € define two critical values for the capital stock. 
LRR Let k satisfy 
re ea 


ae. d5) f'"(k) = ay/(1 — y), 
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TOE: n o. 
time While k? is defined by 
ree lintWimw: c1 


is inte k = yw(k?). 
ow the me: The: k is the largest ‘‘full-information capital 
ereditigee: stock” that can satisfy the incentive con- 


—and ka: aint, and k? is the capital stock that maps 
Le mag £ k under (7°). These values are crucial in- 


efly elaborate on their significance. 

a- Equations (7') and (9’) indicate that the 
wee =entIVe constraint must be binding whenever 
gee = Teal rate of interest is too low. Thus large 


which We: of the capital stock are inconsistent with 
poe p ni 


o that ame bee of some credit rationing. Thus 


y monty z2} Cannot exceed k(k?) without inducing 
endogel Tationing of credit at time f. 
Ansiton ee the values of (k, k2), it is easy to 


any sequence (k,, Sr R,) conforming 
Hitial condition ko is an equilibrium 
Credit rationing if, for each f, 
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(16a) Kia. = ywlk,); 
(16b) S, = 0; 
(16c) R, = f '(k;) > a; 
(16d) kat < kork < ke. 


Equation (16) defines equilibrium sequences 
for. which borrower characteristics are effec- 
tively public information. Solution sequences 
of (16a) converging to k° will be competitive 
equilibria for regime O if they are bounded 
above by the critical value kg defined in equa- 
tions (15a) and (15b) and shown in Figure 1. 

We conclude that it is feasible to be in a 
Walrasian regime if two conditions are met: 
(1) the level of economic activity is not too 
high (relative to k?); and (ii) the investment 
projects available to low-quality borrowers 
(type 1 agents) are sufficiently less productive 
than those open to high-quality borrowers 
(type 2 agents). 

Regime 1 — Again, in order to describe 
when the economy can be in regime 1, it is 
necessary to define two more critical values of 
the capital stock. Let k and k! satisfy: 


f'(k) =al(1 — y); 
k= (1 — y)w(k2), 


(17a) 
(17b) 


respectively. Then k is the smallest capital 
stock consistent with the existence of a sepa- 
rating Nash equilibrium under private infor- 
mation [see equation (14)], and kl is the ` 
capital stock that maps into k under (9^). 
From (15a) and (17a) we obtain 

(18) k<k. 

As before, the values k and k! play an es- 
sential role in the subsequent analysis, so we 
again comment on their significance. Equation 
(14) indicates that, if the marginal product of. 
capital is too high relative to the rate of interest 
(and R,.; = a holds in regime 1), it is not 
possible to deter lenders from pooling type 1 
and type 2 agents, and lending to them indis- 
criminately. This outcome is inconsistent with 
the existence of a nontrivial equilibrium; 
hence the existence of an equilibrium within 
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regime 1 requires that k+, = k (k, = k2) 
hold. _ 

Given the values (k, k}), any sequence (k,, 
s,, R,) that starts from a given initial condition 
ky is a competitive equilibrium with credit ra-. 
tioning if, for each ż, it satisfies the following 
conditions: 


(19a. kai = Us x) wk); 
(19b) 5, = (2y — 1) wtk,); 
(19c) Ri 5a <f'(k+1); 
(19d) kia) > kork > ki. 


As previously, the locus defined by (19a) in 
Figure 2 lies entirely below the locus defined 
by (16a), and its fixed point, k', lies below 
k? ' 


Figure 2 also depicts the domain of defini- 
tion, [k:, ©), for equation (19a) and depicts 
two possible cases: the unique positive fixed 
point, k', of this equation is in that domain 
when Panel (a) obtains, but not when Panel 
(b) does. Given any initial value ky of the cap- 
ital stock, separating competitive equilibria 
with credit rationing and R,,, = a are more 
likely to exist if the critical value k} is low 
relative to the fixed point k’, i.e., if: (i) the 
level of economic activity is not too low (rel- 
ative to kl); and (ii) the investment projects 
available to low-quality borrowers are not 
much less productive than the ones open to 
high-quality borrowers. 


A. Regime Transitions 


The previous section considered equilibria 
in which either regime 0 or regime 1 prevails 
permanently. However, it is also possible——or 
even necessary —that there exist equilibria in 
which the economy transits between these two 
regimes in either a deterministic, or a stochas- 
tic manner. This subsection discusses some- 
what informally how and why an economy 
may shift from a Walrasian regime of slack 
incentive constraints to one of credit rationing 
and tight incentive constraints. Sections M and 
IV treat the same issues more formally and in 
greater depth. We start by amalgamating Fig- 
ures 1 and 2 into the top two panels of Figure 








3. In Figure 3(a) the fixed oe of cack 
gime is contained in its domain of definig =: $% 
in other words, Figure 3(a) is drawn und ka í ed 
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Faby. oe 
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Figure 3(b), on the other hand, excludes the 
fixed point of each regime from its = oman Bex 
assuming that 5 


(20b) kek ak. 


We also draw in Panels (c) and (d) two ae E. 
cases in which one of the fixed points is with, £ 
the relevant domain of definition and the ottġ 4 
is outside. Intuitively, inequality (20a) holds f= 
when the storage technology is much less pp #7 
ductive than the neoclassical technology at i. fz 
while at k' banks are able to offer contagi $ -> 
separating high-quality borrowers from low ge 
quality ones. Inequality (20b) on the otia $ > 
hand, means that the storage technology} § 
only a little less productive than the neocley £ : 
sical technology at k°, and banks are cop 7 
pletely unable to offer contracts permittiy £7% 
them to distinguish low- from high-qualiy $3 
borrowers at k’. = 

Dynamic equilibria are solutions to the if “4 
continuous, set-valued difference equatioe $ £ 
represented by the solid lines in each arn : 
To ensure that equilibria exist we require th wk 
the critical values (k?, k}) satisfy 
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EIGURE3. REGIME TRANSITIONS ~~ = 


Figure 3(a), and the interval (x, Å) in Figure 
3(b). Examples of sequences trapped within 
the former invariant set are regime 0 equilibria 
converging to k’ from below, regime 1 equi- 
libria converging to k' from above, as well as 
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the periodic two-cycle depicted in Panel 
(a). 

As we will show, in economies having the 
configuration of Panel (a), there is in fact a 
very large set of equilibria displaying deter- 
ministic cycles. Hence both indeterminacy of 
equilibrium and undamped fluctuations are a 
very real possibility. In economies having the 
configuration of Panel (b), there are no mono- 
tone equilibrium sequences (K;), bécause’ all 
such sequences eventually violate one of the 
bounds in equation (16d) or (19d). Thus all 
equilibrium sequences must display transitions 
between regimes 0 and 1, and therefore all 
economies having the configuration in Figure 
3(b) necessarily exhibit fluctuations despite 
the absence of any variations in economic 
fundamentals. 

How do these regime transitions occur? 
Suppose, for example, that at t — 1 the econ- 
omy is in regime 0. Suppose further that savers 
at t pessimistically believe that the rate of re- 
turn to savings will be low, or—=in other 
words—that R,., = a will hold. These low 
interest rate expectations imply that it is not 
feasible to have a Walrasian allocation at t, so 
that banks must ration credit. At the same time, 
the low rate of return on deposits persuades 
savers to transfer some savings out of the 
banking system, and into unintermediated 
storage. This ‘‘disintermediation’’ validates 
the necessity of credit rationing. Moreover, the 
existence of credit rationing breaks the link be- 
tween the marginal product of capital and the 
equilibrium rate of interest: this makes it pos- 
sible for the low returns that depositors expect 
to actually be observed in equilibrium. Thus a 
transition between regimes 0 and 1 is associ- 
ated with a self-fulfilling prophecy of low in- 
terest rates, disintermediation, and credit 
restrictions. Transitions between regimes 1 
and 0 occur similarly; if depositors expect that 
R,., > a will hold, all savings will be chan- 
nelled through the banking system, ruling out 
credit rationing. The equilibrium allocation 
must now be Walrasian. In short, then, 
switches between regimes 1 and 0 are accom- 
panied by a self-fulfilling prophecy of rising 
interest rates and an availability of funds that 
allows the credit market to clear. 

Figure 3(a) depicts a two-period cycle in 
which regime transitions occur despite the fact 
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that economic fundamentals are cons: 
with a continuation of .the present regime: ax 

each date. In Figure 3(b), however 2 Te za] = 
transitions must occur periodically, fört E 
that we now describe. 

As we have already argued, a Walas 
location is consistent with self-selection in 
credit market only if the real rate of ; ment 
sufficiently high. (Excessively low real ; its: 
est ratés provide too little incentive to 
agents to work and save when young.) In Rg 
ure 3(b), an indefinite continuation in rep; 
O leads ultimately to a capital stock which 
too high—and a real interest rate which is tg; e 
low—to be consistent with a Walrasian egi EN 
librium allocation of resources. Thus an eog | = 
omy that is currently in regime 0 mug $ 
eventually transit into regime 1. By the sam th 
token, an economy that remains in regime |} A 
long enough will ultimately have a capig? a 
stock that is so low—and a marginal produ & 
of capital that is so high—that lenders hay §& 
an incentive to pool all borrowing agents, i | 
that self-selection can no longer be sustained € 
At this point the economy cannot continue’ $ 
regime 1, and must switch to regime 0. In Fig § 
ure 3(b), these transitions must clearly repa # ra 
themselves. Economic fluctuations associated | = 
with these regime transitions are not only g 
sible, but actually inevitable." 

In Figure 3(b), then, the operation of tf A 
credit market results in the existence of wh §. 
we will term reflective barriers for the echt $- 
omy. An upper bound, or ceiling, on real acti $ 
ity exists because excessively low interest f A 
are inconsistent with a continuation of a 
rasian equilibrium. And a lower bound, on fo Š 
on real activity arises from the fact that exch:€:4 
sively high marginal products of capital doj 
present intermediaries with any incentive'$ 
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3 A more realistic interpretation of -this orocess ie E 
one that would require a richer menu of borrowers Ae : 
the one we are using, is to focus on the quality disp™z; 9- 
of loan applicants through the business cycle. In ab wd A 
expansion, poorly managed firms expand along W 
firms, and poor investment projects become | | 
profitable. The resulting high dispersion in the quali 
loan applications raises the riskiness of intermedia ™; 
portfolios. Banks eventually respond by rationing “g D sA 
because they lack accurate information about the 
acteristics of individual projects. 


































= (90d), real activity will necessarily fluc- 
-ayen if economic fundamentals do not 
sce In these fluctuations, downturns 
BPs ey are associated with falling (rising ) 
ae + interest rates, with increased (reduced) ra- 
; 4 m iit of credit, and with resources leaving 
catering) the banking system. 

Crag this discussion suggests, 1t 1s Important 
Fe ce or not the positive steady states (k', 
et on ‘of the two regimes fall outside the interval 
at Hk) defined by the reflective barriers. Ac- 
t ecedinely, we arrange our investigation around 
p catoctive barriers: we study economies with 
k -a3 binding barriers in Section II, and econo- 
Be ’gsies with two binding barriers in Section IV. 
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‘+ When these reflective barriers sat- (25) f(k) = (A/6)k’; 


A>0, 6€(0,1). 


Defining x = log k, we may rewrite equations 
(23) and (24) in their linear form: 


(26) X41 = flx) = A(x, — x°) + x’; 
x <x: 


X41 € { P), fix) }; X -PeT 


xi =A= axa); >X, 
where 
(27) x° =[1/(1 — 6) Jlogl y(1 — 0)A/8] 


= log k°; i 
(28) x'=[1/(1- 4)] 
x logl (1 — y)(1 — 0)A/0] 


= log k'! 


are the fixed points of regimes 0 and 1, re- 
spectively. It is also useful to compute the crit- 
ical points for the two regimes. Under the 
technological assumption in equation (25), 
these are given by: 


(29a) x° = (1/8)log 
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(a) Equilibria With and Without Credit Rationing 


FIGURE 4. EQUILIBRIUM LAW OF MOTION 
(CopB-DOUGLAS PRODUCTION) 


The map defined by (26) is depicted in Figure 
4(a). In order to ensure that this map contains 
no holes and that deterministic equilibria exist, 
we assume x! < x? or, equivalently; 


1-9 
EEA ; 


Jn addition, capital dominates storage in rate of 
return for all k = k° iff f’(k°) > a holds. This 
condition proves to be equivalent to the restriction 


(30) 


6/(1 — 8) 


Co. ee On 


Finally, an economy has no effective reflective 
barriers if the map (26) contains in its domain 
of definition the fixed points (x°, x!) of each 
regime. This inclusion means that 


(32) Ly <x eZ 


or, equivalently, that 


(33) ay (1 —y)< 6/(1 — 6) <a. 

In the remainder of this section we study solu- 
tions to equation (26), maintaining inequalities 
(30) —(33) as restrictions on the economy’s pa- 
rameter space (a, y, 0, A). Inequality (32), in 
particular, implies that the steady state of each 
regime is an equilibrium and, hence, regime 
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transitions need not occur in equilibrium. If w A 5 
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economy can display very strong indetermitt $ a 
cies and excessive fluctuations in perfet' fll 
foresight equilibria. It is an almost immedi {sip 
implication that there is also a wide variety ¢] a Ma 
equilibria where the economy experiences Sg oy 
chastic shifts between regimes 0 and 1 in a Me È 
kovian manner, with the probability of regin BF $ 
transitions depending potentially on time, iE poe 
tory, or the state of the system. i 
To begin, it will be useful to orient out fi 
mal discussion around the notion of “‘an e 
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Definition: For given m = 1 and n = 1, the 
sequence (i, X2, ... , Ems Xm+is +> m+n) CON- 
stitutes an (m, n) cycle if 


(i) g% e [x', x], Vi=l,.., m+ 
n, and either 

(i) % = foe fiefs "G), i 
l, ...,m,\* or 

(iii) x; ae a m—l o fa © Pore) 


ae ee are 


Thus the values £; are each fixed points of the 
appropriate compound maps. 

We are now prepared to state the following | 
proposition. Its proof appears in Azariadis and 
Smith (1996b). 


PROPOSITION 3: (a) For all positive inte- 
gers m and n, there exists an asymptotically 
stable (m, n) cycle; (b) Any (m, n) cycle has 
the property that X%; = & = pa, Vi=1,.., 
m + 1. Moreover, 


(37) #&,=[1—-—Tm,n)]x° +T(m, n)x!; 


G Zen, = [1 — 6°T Cn, n)] x° 
+ 6"T(m,n)x', 
where 
(39) Tim nja (1 —6")/(1 — 0"**). 


These equations imply that, for any (m, n), 
both of the extreme periodic points £, and X,, 
lie within the invariant interval [x°, x!]; hence 
the remaining fixed points ($z, ... , n—1, Xn, 
„s m+n) Will also he in that interval. Propo- 
sition 3 specifies the sense in which this 
economy displays a high-dimensional indeter- 
minacy, and in which there is a wide variety 
of perfect-foresight equilibria that display un- 
damped escillations. In addition, these equilib- 
ria can be attained starting from a variety of 
initial capital stocks. The proposition also 
demonstrates how private information in the 


'* Here f° denotes the identity map. 
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credit market spawns indeterminate equilibria 
in an overlapping generations economy which 
otherwise lacks all the features we normally 
hold responsible for indeterminacy: "° there is 
one sector, there are no paper assets, no large 
income effects, no nonconvexities in produc- 
tion or preferences, no monopolistic competi- 
tion, nor are there any other significant 
departures from the-key assumptions of Arrew 
and Debreu—-except private information. 

It is also straightforward to construct equi- 
libria in which transitions between the two re- 
gimes occur stochastically. In particular, let 
®, € {0, 1} index the regime, and let 


(40a) moo = prob(®,,; = 0|, 


0); 


(40b) mii = prob(®,,, = 1[6, 


1). 


Then the sequence of matrices 


t t 
T 00 1 — Too 
I, = 


aa l= mru Tu 

induces a (possibly nonstationary ) Markov 
process on the regime index ®,. Moreover, 
competitive equilibria exist for arbitrary se- 
quences (Too, 711), and the elements of these 
sequences can depend in essentially any fash- 
ion on the history of the economy. 

To summarize, in an economy where the 
steady-state equilibria of each regime lie 
within the economy’s reflective barriers, the 
expectations of depositors become paramount. 


_in determining the type of equilibrium that will 


be observed. In particular, depositors must 


_ form expectations about yields on bank liabil- 


ities. Optimistic expectations of high yields 
lead to Walrasian regimes without credit ra- 
tioning, and the absence of rationing validates 


depositors’ expectations. Pessimistic expecta- 
tions of low yields lead to regimes of disinter- 


mediation, which forces banks to ration credit. 


. This credit rationing again validates deposi- 


'S See Azariadis (1993 Ch. 26), Roger E. A. Farmer 
(1993), and Roger Guesnerie and Michael Woodford 
(1993) for recent surveys of indeterminate equilibria. 


~ tations by ruling out persistently optimis 
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tors’ beliefs. Periodic cycles correspond i nt 
ternating, self-confirming waves of optinis g 
and pessimism. al z 

In Section IV, we consider economi: © 
where the steady-state equilibria of the tw; i 
gimes lie outside the economy’s reflective ues 
riers. When this occurs, the existence of gå 
barriers limits the scope of depositors’ e% 


wef 


tic% 
persistently pessimistic rational eXPectationy ¥ : 


equilibria. The result is that all compey:-§ 
tive equilibria must display endogenous vole: 
tility, and that this volatility cannot vagy 
asymptotically. 





IV. Binding Reflective Barriers 732 g 

We next describe equilibria when nej 
steady state lies within the economy’s re 
tive barriers. Therefore, in this section wei 
sume that 
(42) yee ee 
Evidently, then, neither steady state constitu §. 
a legitimate competitive equilibrium, nor & | 
any monotonic sequences (x,) that converge® | 
one of the steady states. We now describe wit | . 
kinds of equilibria can be observed here. -< 


In order to do so, we define two values, 5 i 
and xX., by the relations i 


a n 7 - ` Aa 

ies & S 

am aati Dt Sa aE ea as AS + w 
at a ILEN RENAN i er dn oa 














~~ 
ne 


ee 


ve 
s m a Bo oa 
Shc na A a 
tee tere eS, 
omen, W 


Xr = 6x + (1 — 0)x! = fi(x}); 


N 
+ 
ea yet ys eee 


Ae eo 
beet ate yt 


F .- 
n F t 
> è ' 
oe a? TA ‘ re ave 
2am . 
r 


i ae ie 
tj 
kad 


e ia 
a + a 
IRA Edy Lay 


X= Oxe + (1 — 8x = f(x) = 


= 
~vet ~ 
+ 


w 
s t at 
La 


It follows from these definition that x, is i% 
ply the point that succeeds x! in regimet et 
while x, is the point that succeeds xe in rege 

0. These two points représent a floor or elie 
respectively, on the value of x, that can bet 
tained in each regime’ From equations gi % 
and (29) it is possible tò obtain the follow”: 
closed-form expressions for X- and Xe: 


SONE | A=) 
(43a) Xp = i — z| F i 
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(43b) xco= 
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Ee rii) and f 7(f 3%), respectively. Then it is 
i E pmmediately apparent that an (m, n) cycle ex- 
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The proof of Proposition 5 appears in 
Azariadis and Smith (1996b). The proposition 
establishes a sufficient condition for the exis- 
tence of an (m, n) cycle. 

When m > (<)n holds, an (m, n) cycle is 
asymmetric in the sense that the number of 
periods of expansion, m, exceeds (is less than) 
the number of periods of contraction, n. When 
m = n, on the other hand, we have a symmetric 
cycle. We now show that the existence of cer- 
tain asymmetric (m, n) cycles always implies 
the existence of at least one—and typically 
many—symmetric cycles. 


PROPOSITION 6: (a) Suppose that Ay + 
A, = 1 holds. Then the existence of an (m,n) 
cycle with m > n implies the existence of an 
(n,n) cycle. Moreover, if k is any integer with 
k = n, there exists a (k, k) cycle. (b) Suppose 
that Ao + A, = 1 holds. Then the existence of 
an (m, n) cycle with n > m implies the exis- 
tence ofan (m, m) cycle. Moreover, if k is any 
integer with k = m, there exists a (k, k) cycle. 


Proposition 6 is proved in Azariadis and Smith 
(1996b). It states conditions under which the 
existence of certain (m, n) cycles implies the 
existence of other (symmetric ) cycles. Thus a 
variety of indeterminacies continues to be ob- 
served when these conditions are satisfied. 


A. Maximally Persistent Cycles 


The cycles discussed in Section II have the 
property that there are periodic changes in the 
beliefs of depositors about regimes, and that 
these belief changes trigger self-fulfilling re- 
gime transitions. However, nothing in Section 
IIT necessitates these changes in beliefs; in 
some sense, then, their occurrence may depend 
on arbitrary historical events. In economies 
satisfying (42), on the other hand, objective 
conditions do not permit the beliefs of depos- 


.itors to remain constant indefinitely, These be- | 


liefs must undergo repeated transitions, as 
must the regime that governs equilibrium be- 
havior. We might ask, then, about the prop- 
erties of periodic equilibria where depositor 
beliefs are, loosely speaking, revised as infre- 
quently as possible, and hence where regime 
switching occurs as infrequently as possible. 
Our interest in such equilibria leads us to now 
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turn our attention to the existence of what we 
term maximally persistent (m, n) cycles. In 
particular, a maximally persistent (m, n) cycle 
has the property that, if there is also a (p, q) 
cycle, p + q = m + n holds. Obviously, a 
maximally persistent (m, n) cycle exists if 
(42) holds, and 0 = z. 

Maximally persistent cycles are of interest 


‘for two-reasons. First, as we have said, these 


cycles correspond to equilibria with the least 
volatile depositor expectations that can be ob- 
served. Second, if (m,n) is a cycle of maximal 
persistence, and if m > (<)n, all cycles 
(m —k,n)[(m,n — k)] exist for k = 1, ..., 
m-—n(k =1,...,m — m). Such cycles, of 
course, exhibit depositor expectations of 
greater volatility than the (m, n) cycle. 

We now state a formal proposition describ- 
ing maximally persistent cycles. Its proof ap- 
pears in Azariadis and Smith (1996b). 


PROPOSITION 7: (a) Suppose that inequal- 
ity (42), 0 = z, and Ay + A; = 1 are all sat- 
isfied. Let § = 1 denote the largest integer 
solution to 0° = A,/({1 — A,), and let m = 1 
denote the largest integer solution to 9” = (1 — 
Ao)/(1 — Ao@*). Then m = $ holds, and (M, 
$) is the maximally persistent (m,n) cycle. (b) 
Suppose now that (42), 0 = z, and Ao + À; = 
l hold. Let § = 1 denote the largest integer 
solution to 05 = (1 — Ag)/Ao, and let i = 1 
denote the largest integer solution to 9” = A,/ 
[1 — (1 — A,)6*]. Then fi = $ holds, and (§, 
n) is the maximally persistent (m, n) cycle. 


Note that the proposition asserts that maxi- 
mally persistent cycles have longer expansions 
than contractions when A, + A; > 1, because 
x’ is closer to the ceiling on real activity than 
x' is to the floor. Maximally persistent cycles 
have longer contractions than expansions in 
the opposite case, and for precisely the oppo- 
site reason. 

Prior to concluding this section, it is appro- 
priate to mention that (m, n) cycles by no 
means exhaust the set of possible deterministic 
periodic equilibria. For example, there may be 
equilibria with m periods of expansion fol- 
lowed by n periods of contraction, p periods 
of expansion again, and then g periods of con- 
traction (and so on), with m + p and n + q. 
Indeed, such equilibria may exist even if @ < 


-holds-that the unrestricted. operation of 

















z holds. In addition, stochastic ai. fe ie 
type described in Section I will typically ick 
ist. What does not exist here are equilihps $ 
sequences that converge to steady States, 1 k 
aoe Phy 


V. CONCLUSIONS 
A long tradition in monetary zaal 4 


markets can lead to indeterminacies and ex 
sive fluctuations relative to fundamentals, px 
vious models that deliver this result, tone 
have typically depended on the existenci al : 
nominal assets [models with nominal ai {: 
and production include Ben S. Bernanke'mw4 
Gertler (1989), Azariadis and Smith (19969): F 
John H. Boyd and Smith (1997), or Schreftay $; 
Smith (1997)], large income effects [ Azariad §: 
(1981); Azariadis and Guesnerie (1986); E 
nonconvexities [Jess Benhabib and Fama f 
(1994)], monopolistic competition [Jordi GEE 
(1994); Russell Cooper and Jaoa Bjarqy® 
(1994)], or multiple sectors [Nobuhin¥ 
Kiyotaki and John Moore (1993); Benciver f 
and Smith (1997)]. We have examined a om $ 
sector neoclassical growth model with nonii § 
these features, but in which capital investment $. 
must be credit financed, and in which | 
markets are characterized by the presence of $ 
adverse selection problem. In this model ®# 
have shown that the existence of two equilt $ i 
rium regimes is possible: a Walrasian regit $ 
in which incentive constraints are nonbinditt§ 
and a regime of credit rationing in which E 
rationing is necessary to induce self-selectit $ f 
in loan markets. For some range of current of Y i 
ital stocks either regime is consistent with &. 
existence of an equilibrium; therefore, it isp 3 
sible to observe equilibria in which ccna 
istic or stochastic transitions occur bet¥ 
regimes. Many of these equilibria will = 
oscillations that do not die out. Moreover’ ae 7 
some configurations of parameters (those oF 
sidered in Section IV), the only equilibria Ai 
can be observed display fluctuations that dom 
vanish asymptotically. In such economies = £. 
cessive fluctuations are not only manal A 
indeed are a necessary feature 0 
equilibrium. 
Relative to much of the existing iit E 
on indeterminancies and endogenous vols: ; 
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rin Se a potential for either deterministic or 
. NEEE: Cage BS: e switching. This potential de- 

Beane the fact that dynamic equilibria in 
ates a E satisfy an unusual, ser valued, Ae 
W nous difference equation which contains 


; ? FW yall- defined partially overlapping do- 

aS r o ARE isle ‘with distinct structural regimes. At 
ONGAN z PERENA sdiate levels of economic activity tran- 
f finan as between these regimes are possible. In- 
ind GME s-a. the resulting equilibria may be indexed 
ntals Pa yw a stochastic process that governs an unob- 
howell “oad repime-switching variable in the man- 
EE: R ‘regim 
isten 5; by James D. Hamilton (1989, 
nal “aaa W0): The economic interpretation of this 
nanke E sai variable is to regard it as an index of 
UR aes 
AEE. -A Ba tations about credit market con- 


E- aoas An expanding body of evidence sug- 
É gesis të that such nonlinear mechanisms accord 
Bee wi ith the behavior of many aggregate time 
sésiés(!7Yet, while regime-switching models 
(iw played an important role in an array of 
rical investigations, there has so far been 
| iti mtie theoretical work providing any under- 
zenciye Maning for them. In addition, much of the 
ined à Games Mearetical literature studying endogenous vol- 
ith not y W wtillty has the feature that there are a large set 
nvestit Pe of equilibria, only some of which exhibit fluc- 
‘cee tations, We have demonstrated the possibility 
cumee4t ‘such fluctuations not only can be ob- 
kaved, but must be observed under certain 
fae ¢:Xiditlons. When these conditions obtain, eco- 
sian Teg kaamle. ‘Volatility that stems from changing 
onbin p È ced Market conditions cannot be avoided. 
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oe . Stock Markets, Banks, and Economic Growth 


By Ross LEVINE AND SARA ZERVOS * 


Do well-functioning stock markets and banks promote long-run economic 


; i growth? This paper shows that stock market liquidity and banking development 






both positively predict growth, capital accumulation, and productivity improve- 


2aisealents when entered together in regressions, even after controlling for economic 
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Wai ::Cansiderable debate exists on the relation- 


iS 

—_—— 
et eee 

` 

: yf 

ps 


B ips between the financial system and eco- 
‘smic growth. Historically, economists have 
mae socused on banks. Walter Bagehot (1873) and 
ONE Joseph A, Schumpeter (1912) emphasize the 
fee ciitical importance of the banking system in 
‘gnomic growth and highlight circumstances 
@ aten banks can actively spur innovation and 
(sume tatire growth by identifying and funding pro- 
ict active investments. In contrast, Robert E. 
‘Lucas, Jr. (1988) states that economists 
prtadly“over-stress”’ the role of the financial 
peyziein, and Joan Robinson (1952) argues that 
tsak respond passively to economic growth. 
Empirically, Robert G. King and Levine 
privy 3a) show that the level of financial inter- 
peesialiOn is a good predictor of long-run rates 
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“and political factors. The results are consistent with the views that, financial 
markets provide important services for growth, and that stock markets provide 
different services from banks. The paper also finds that stock market size, vola- 
yility, and international integration are not robustly linked with growth,.and that 
‘pone of the financial indicators is closely associated with private saving rates. 


Besides the historical focus on banking, 
there is an expanding theoretical literature on 
the links between stock markets and long-run 
growth, but very little empirical evidence. 
Levine (1991) and Valerie R. Bencivenga et- 
al. (1995) derive models where more liquid 
stock markets—-markets where it is less ex- 
pensive to trade equities—reduce the disin- 
centives to investing in long-duration projects 
because investors can easily sell their stake in 
the project if they need their savings before 
the project matures. Enhanced liquidity, there- 
fore, facilitates investment in longer-run, 
higher-return projects that boost productivity 
growth. Similarly, Michael B. Devereux and 
Gregor W. Smith (1994) and Maurice 
Obstfeld (1994) show that greater interna- 
tional risk sharing through internationally in- 
tegrated stock markets induces a portfolio shift 
from safe, low-return investments to high- 
return investments, thereby accelerating pro- 
ductivity growth. These liquidity and risk 
models, however, also imply that greater li- 
quidity and international capital market inte- 
gration ambiguously affect saving rates. In. 
fact, higher returns and better risk sharing may 
induce saving rates to fall enough such that 
overall growth slows with more liquid and in- 
ternationally integrated financial markets. 
Moreover, theoretical debate exists about 
whether greater stock market liquidity actually 
encourages a shift to higher-return projects 
that stimulate productivity growth. Since more 
liquidity makes it easier to sell shares, some 
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argue that-more liquidity reduces the incen- 
tives of shareholders to undertake the costly 
task of monitoring managers (Andrei Shleifer 
and Robert W. Vishny, 1986; Amar Bhide, 
1993). In turn, weaker corporate governance 
impedes: effective resource allocation and 
slows productivity growth. Thus, theoretical 
debate persists over the links between eco- 


nomic growth and the functioning of Stock” 


markets. 

This paper empirically investigates whether 
measures of stock market liquidity, size, vol- 
atility, and integration with world capital mar- 
kets are robustly correlated with current and 
future rates of economic growth, capital ac- 
cumulation, productivity improvements, and 
saving rates using data on 47 countries from 
1976 through 1993. This investigation pro- 
vides empirical evidence on the major theo- 
retical debates regarding the linkages between 
stock markets and long-run economic growth. 
Moreover, we integrate this study into recent 
cross-country research on financial interme- 
diation and growth by extending the King and 
Levine (1993a) analysis of banking and 
growth to include measures of the functioning 
of stock markets. Specifically, we evaluate 
whether banking and stock market indicators 
are both robustly correlated with current and 
future rates of economic growth, capital ac- 
cumulation, productivity growth, and private 
saving. If they are, then this suggests that both 
banks and stock markets have an independent 
empirical connection with contemporaneous 
and future long-run growth rates. 

We find that stock market liquidity —as 
measured both by the value of stock trading 
relative to the size of the market and by the 


' In terms of banks, Douglas W. Diamond (1984), John 
H. Boyd and Edward C. Prescott (1986), and Stephen D. 
Williamson (1986) develop models where financial inter- 
mediaries— coalitions of agents-—lower the costs of ob- 
taining information about firms from what those costs 
would be in atomistic capital markets where each investor 
must acquire information individually. Based on these 
core models, King and Levine (1993b) show that, by low- 
ering information costs, financial intermediaries foster 
more efficient resource allocation and thereby accelerate 
technological innovation and long-run growth. Jeremy 
Greenwood and Boyan Jovanovic (1990) develop a model 
in which financial intermediaries affect, and are affected 
by, economic growth. See the review by Levine (1997). 


value of trading relative to the size of t | E 

omy—is positively and significantly & 
lated with current and future rates of econg 
growth, capital accumulation, and producti F 
growth. Stock market liquidity is a robust py E 
dictor of real per capita gross domestic p 
(GDP) growth, physical capital growth, x & £ 
productivity growth after controlling for ig ey ae 
income, initial investment in education, po fe 
ical stability, fiscal policy, openness to rg 
macroeconomic stability, and the forwa #3 
looking nature of stock prices. Moreover’ ki 
level of banking development—as measini¥®. 
by bank loans to private enterprises divided p 
GDP—also enters these regressions signt? $ 
cantly. Banking development and stock mk% 
ket liquidity are both good predictorgi A 
economic growth, capital accumulation, wg 
productivity growth. The other stock mikk a 
indicators do not have.a robust link with log Bi i 
run growth. Volatility 1 is insignificantly com. Sr 
lated with growth in most specificata f ts 
Similarly, market size and international ite €: 
gration are not robustly linked with sro bs : 
capital accumulation, and productivity gg" 
provements. Finally, none of the financial} t 
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The results have implications for a win 
of theoretical models. The strong, positity : 
connections between stock market ligu E: 
and faster rates of growth, productivity, AS De 
provements, and capital accumulation conte Al 


Levine’s (1991) and pep et t: 


liquid or more internationally integrate 
ital markets negatively affect saving Say 
growth rates or that preater liquidity ie 
productivity growth.” Further, the evig 
does not support the belief that stock 1 ay H. 
volatility hinders investment and. reso E E. 
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' 2See Bencivenga and Smith (1991) and on 
(1994) for parameter values that lead to lower save 
growth rates with greater liquidity or risk sharing IS vk 
tively. The data are inconsistent with these paral) P i o 
ues. Note, however, that these models have ro 
values that are consistent with our empirical fno 
(a) liquidity is positively associated with £ 
growth; and (b) neither liquidity nor internatio i 4 
market integration is associated with praa sae 
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i 30. Bradford DeLong et al., 1989). 
a eee the data also suggest that banks pro- 
ge je different services from those of stock 
: as <.-Measures of both banking develop- 
5 eee eg stock market liquidity enter the 
pent an ificantly. Thus, to un- 

“aay regression signi y. 

SNF and the relationship between financial 
oe and economic growth, we need theo- 
i, Fa in d stock markets and banks arise 
7 E ae taneously to provide different bundles of 

Dw ea atal services. 
oo points are worth emphasizing i in in- 
“na the results. First, since Levine and 
MMe Gasid Renelt (1992) show that past research- 
E- H wa hive been unable to identify empirical 
“gave between growth and macroeconomic in- 
l Sain that are robust to small changes in the 
Saditioning information set, we check the 
F seasitivity of the results to changes in a large 
coni ditioning information set. Stock market li- 
ddity and banking development are posi- 
| liay and robustly correlated with current and 
Emre. fates of economic growth even after 
gentrolling for many other factors associated 
WR. 3 sihe égonomic growth. Second, almost all pre- 
iN le: Fius cross-country studies of growth focus on 
saver dzi where both the dependent and explana- 
Gig y Variables are averaged over the entire 
ie tiple period. Besides examining this con- 
Lemporaneous relationship, we study whether 
tsak market and banking development mea- 
| fazed at the beginning of the period robustly 
F edict future rates of economic growth, cap- 
¥al' accumulation, productivity growth, and 
| vate saving rates. We find that stock market 
| = gue ty ‘and banking development both pre- 
elon ohg-run growth, capital accumulation, 
3 meat Gductivity improvements. Although this 
Erres a a does not establish the direction 
sy vali it ty between financial-sector devel- 
it and growth, the results show that the 
between financial development and 
mo h does not merely reflect contempora- 
sa ed to both, that stock market and 
vi Sama: development do not simply follow 
ay tie “Omit growth, and that the predictive con- 
$ a thë financial development indicators 
=e aa the forward-looking na- 
Boccs OEK prices. This paper’s results are 
Selene with the view that the ser- 
patie ie by financial institutions and 
> important for long-run growth. Fi- 
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nally, this paper’s aggregate cross-country 
analyses complement recent microeconomic 
evidence. Asli Demirgiic-Kunt and Vojislav 
Maksimovic (1996) show that firms in coun- 
tries with better-functioning banks and equity 
markets grow faster than predicted by individ- 
ual firm characteristics, and Raghuram G. 
Rajan and Luigi Zingales (1998) show that 
industries that rely more on external finance 
prosper more in countries with better- 
developed financial markets. 

Raymond Atje and Jovanovic (1993) pre- 
sent a cross-country study of stock markets 


- and economic growth. They find a significant 


correlation between growth over the period 
1980—1988 and the value of stock market 
trading divided by GDP for 40 countries. We 
make several contributions. Besides increasing 
the number of countries by almost 20 percent 
and almost doubling the number of years in 
the sample, we construct additional measures 
of stock market liquidity, a measure of stock 
return volatility, and two measures of stock 
market integration in world capital markets 
and incorporate these measures into our study 
of stock markets, banks, and economic 
growth. Furthermore, we control for economic 
and political factors that may influence growth 
to gauge the sensitivity of the results to 
changes in the conditioning information set. 
Moreover, we control for the potential 
forward-looking nature of financial prices 
since we want to gauge whether the function- 
ing of stock markets and banks is tied to eco- 
nomic performance, not whether agents 
anticipate faster growth. Also, we use the stan- 
dard cross-country growth regression frame- 
work of Robert J. Barro (1991) to make 
comparisons with other work easier, syste- 
matically test for the tmportance of influential 
observations, and correct for heteroskedastic- 
ity. Finally, besides the direct link with 
growth, we also study the empirical connec- 


tions between stock market development and. 


physical capital accumulation, productivity 
improvements, and private saving rates. 

The next section presents measures of stock 
market and banking development, as well as 
four growth indicators—measures of the rate 
of economic growth, capital accumulation, 
productivity growth, and private saving. Sec- 
tion IIT examines the relationship between the 
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four growth indicators and stock market li- 
quidity, size, volatility, international capital 
market integration, as well as the level of 
banking development. Section III concludes. 


I. Measuring Stock Market and Banking 
le i and the Growth Indicators 


Fe assess the relationship between eco- 
nomic growth and both stock market and 
banking development, we need: (1 ) empirical 
indicators of stock market liquidity, size, vol- 


` _ atility, and integration with world capital mar- 


kets; (2) a measure of banking development; 


= and (3) measures of economic growth and its 


components. This section first defines six stock 
market development indicators: one measure 
of stock market size, two measures of stock 
market liquidity, a measure of stock market 
volatility, and two measures of stock market 
integration with world capital markets. Al- 
though each of these indicators has shortcom- 
ings, using a variety of measures provides a 
richer picture of the ties between stock market 
development and economic growth than if we 
used only a single indicator. Second, we de- 
scribe the empirical indicator of banking de- 
velopment. The third subsection defines the 
growth indicators: real per capita GDP growth, 
real per capita physical capital stock growth, 
productivity growth, and the ratio of private 
savings to GDP. Finally, we present summary 
statistics on these variables. The Appendix 
lists data sources, sample periods, and 
countries. 


A. Stock Market Development Indicators 


1. Size—Capitalization measures the size 
of the stock market and equals the value of 
listed domestic shares on domestic exchanges 
divided by GDP. Although large markets do 
not necessarily function effectively and taxes 
may distort incentives to list on the exchange, 
many observers use Capitalization as an indi- 
cator of market development. 







on domestic exchanges relative to the si S 
the market. High Turnover is often used 4. 
indicator of low transactions Costs, [pst 
tantly, a large stock market is not necesé 
a liquid market: a large but inactive mas 
will have large Capitalization but a 
Turnover. oye 
The second measure of market liquidiy | 
Value Traded, which equals the value of 23 ~ 
trades of domestic shares on domestig T3 
changes divided by GDP. While not a ditg 
measure of trading costs or the uncertainty: 
sociated with trading on a particular exch ‘ 
theoretical models of stock market liguity4 
and economic growth directly motivate Vie 
Traded (Levine, 1991; Bencivenga et Ñi 
1995). Value Traded measures trading jij 
ume as a share of national output and sho $ 
therefore positively refiect liquidity oik § 
economywide basis. Value Traded may beji Ji 
portantly different from Turnover as shownk§ 
Demirgii¢-Kunt and Levine (1996). Whig 
Value Traded captures trading relative to% $ 
size of the economy, Turnover measures mi 
ing relative to the size of the stock mati $ 
Thus, a small, liquid market will have iai 
Turnover but small Value Traded. 3 
Since financial markets are forward look # 
Value Traded has one potential pitfall. If më $ 
kets anticipate large corporate profits, £ mig 
prices will rise today. This price rise WO 
increase the value of stock transactions! sf 
therefore raise Value Traded. Problematiek § 
the liquidity indicator would rise withoutati $ 
in the number of transactions or a fall in meg 
action costs. This price effect plagues 
ization too. One way to gauge the influent 
the price effect is to look at Capita 
Value Traded together. The price samen 
ences both indicators, but only Value 4 
‘is directly related to trading. Therefore, W sa d 
clude both Capitalization and Value T 
dicators together 1 in our regressions. 
Traded remains significantly correlated 
growth while controlling for Capital: 
then the price effect is not dominating we 






















2. Liquidity indicators—We use two re- 
lated measures of market liquidity. First, Turn- 
over equals the value of the trades of domestic 
shares on domestic exchanges divided by the 
value of listed domestic shares. Turnover mea- 
sures the volume of domestic equities traded 


lationship between Value Traded and se x 
A second way to gauge the Toes et È 
price effect is to examine Turnover. THtk$ 
effect does not influence Turnover Des A 
stock prices enter the numerator and % ø $ 
nator of Turnover. If Turnover is poii 
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; zrobustly associated with economic 
7 then this implies that the price effect 
ae dominating the relationship between li- 
‘aay ity and long-run economic growth. 
: = International integration measures — 
F sides liquidity and size, we use two indi- 
: ans of the degree of integration with world 

cial markets to provide evidence on the- 
that link market integration with eco- 
growth. In perfectly integrated markets, 
E aial flows across. international borders to 
SE . fe ie the price’ of risk. If capital controls or 
exchit any oe sp barriers impede capital movements, then 
t tae Ly Kie price of risk } may differ internationally. To 
site Vann q eee measures of integration, we use the 
iga ety a 7 
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' ote asset pricing models imply that the ex- 
return on each asset is linearly related 
f oa benchmark portfolio or linear combination 
i aia group of benchmark portfolios. Following 
a Robert A. Korajczyk and Claude J. Viallet 
s BAE (1989 p. 562-64), let P denote the vector of 
me $ EXLEIS returns on a benchmark portfolio. For 
oka Ge CAPM, P is the excess return on a value- 
a i Felghted portfolio of common stocks. For the 
h :P represents the estimated common fac- 

based on the excess returns of an inter- 
aatlonal portfolio of assets using the 
5. fii E principal components technique of 
Connor and Korajezyk (1986). Firm- 
=) tok returns from 24 national markets 
re led to form the value-weighted portfolio 
sqm the CAPM and to estimate the common 
y törs for the APT. Given m assets and T pe- 

fr ads consider the ii regression: 


E ER, is is the excess return on asset j in period 
aos athe retum above the return on a risk-free 
i ror f Zero-beta asset (an asset with zero cor- 
: ation With the benchmark portfolio). The 
THEN E yee on monthly, firm-level stock re- 

a ons Sat have been adjusted for dividends and 
ij ot F For an average month, there are 

With return data from the 24 markets. 
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If stock markets are perfectly integrated, then the 
intercept in a regression of any asset’s excess 
return on the appropriate benchmark portfolio, 
P, should be zero: 


(2) 


Rejection of the restrictions defined by (2) 
may be interpreted as rejection of the under- 
lying asset pricing model or rejection ofr mar- 
ket integration. 

Under the assumption that the CAPM and APT 
are reasonable models of asset pricing, we inter- 
pret the monthly estimates of the absolute value 
of the intercept terms from the multivariate re- 
gression (1) as measures of market integration. 
To compute monthly estimates of stock market 
integration for each national market, we compute 
the average of the absolute value of a; across all 
stocks in each country each month. Then, we 
multiply this final value by negative one. Thus, 
these CAPM Integration and APT Integration 
measures are designed to be positively correlated 
with integration. Moreover, Korajczyk (1996) 
shows that international integration measures will 
be negatively correlated with higher official bar- 
riers and taxes to international asset trading, big- 
ger transaction costs, and larger impediments to 
the flow of information about firms.’ 

4. Volatility—We measure the volatility of 
stock returns, Volatility, as a 12-month rolling 
standard deviation estimate that is based on mar- 
ket returns. We cleanse the return series of 
monthly means and 12 months of autocorrela- 
tions using the procedure defined by G. William 
Schwert (1989). Specifically, we estimate a 
12th-order autoregression of monthly returns, R,, 
including dummy variables, D,,, to allow for dif- 
ferent monthly mean returns: 


==" =a, = 0. 


12 12 
R, = > a;D;, + » b,R,~ TU 


j=l ke] 


(3) 


mh we ed 


*The CAPM and ‘APT fiean measures rely on 
asset pricing models that the data frequently rejected as 
good representations of the pricing of risk. For this paper, 
however, we seek a numerical index of, for example, how 
much more the United States is integrated into world cap- 
ital markets than is Nigeria. We are not concerned with 
whether the index is based at zero. Thus, even if the in- 
tegration measures include a constant bias, the CAPM and 
APT Integration measures still provide information on 
cross-country differences in market integration. 
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We collect the absolute value of the residuals 
from equation (3), and then estimate a 12th- 
order autoregression of the absolute value of 
the residuals including dummy variables for 
each month to allow for different monthly 
standard deviations of returns: 


12 12 

(4) [bd] = 3 Dj + Z di| r-l Ep. 

j=l k=1 
The fitted values from this last equation give 
estimates of the conditional standard deviation 
of returns.* We include this measure because 
of the intense interest in market volatility by 
academics, practitioners, and policy makers. 


B. Banking Development 


An extensive theoretical literature examines 
the ties between banks and economic activity. 
Ideally, researchers would construct cross- 
country measures of how well banks identify 
profitable activities, exert corporate gover- 
nance, mobilize resources, manage risk, and 
facilitate transactions. Economists, however, 
have not been able to accurately measure these 
financial services for a broad cross section of 
countries. Consequently, researchers tradition- 
ally use measures of the overall size of the 
banking sector to proxy for “‘financial depth’’ 
(e.g., Raymond W. Goldsmith, 1969; Ronald 
I. McKinnon, 1973). Thus, researchers often 
divide the stock of broad money (M2) by GDP 
to measure financial depth. As noted by King 
and Levine (1993a), however, this type of fi- 
nancial depth indicator does not measure 
whether the liabilities are those of banks, the 
central bank, or other financial intermediaries, 
nor does this financial depth measure identify 
where the financial system allocates capital. 
Thus, we use the value of loans made by com- 
mercial banks and other deposit-taking banks 
to the private sector divided by GDP, and call 
this measure Bank Credit. Bank Credit im- 
proves upon traditional financial depth mea- 
sures of banking development by isolating 
credit issued by banks, as opposed to credit 


* As in Schwert (1989), we use iterated weighted least- 
squares estimates, iterating three times between (3) and 
(4), to obtain more efficient estimates. 
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issued by the central bank or other inter.: 4 


sector, ‘as opposed to credit issued to giak ; 
ments. In our empirical work, we also i; 
traditional measures of financial depth ang; ep i: 
cuss some of these results below. We fiez Bg 
almost exclusively on the results with Barf 7 
Credit. $ 
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Besides examining the relationship beta 
these financial development indicators 4 es $h: 
long-run real per capita GDP growth, Oue f 
Growth, we also study two channels throng $: A 
which banks and stock markets may be linkā a 
to growth: the rate of real per capita physicg $- G 
capital stock growth, Capital Stock Grow, $ œ 
and everything else, Productivity Growii4 
Specifically, let Output Growth equa #& 
«*(Capital Stock Growth) + Produ fè > 
Growth. To obtain empirical estimates, i $ s 
(a) obtain Output Growth from national æ § 
counts data; (b) use Capital Stock Goa k 
from King and Levine (1994); (c) selgi $; 
value for x (K = 0.3), and then compute Pé 
ductivity Growth as a residual." If Capit? 
Stock Growth accurately reflects change $$ 
physical capital and if capacity utilization $§ẹ; 
mains stable when averaged over 18 y$ 
then Productivity Growth should provieif:® 
reasonable conglomerate indicator of tech! i ; 
logical change, quality advances, and resni g; 
allocation enhancements.° ag z 

The last growth indicator we consider, # $ P 
ings, equals gross private savings from !% ie 
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Masson et al. (1995). Measuring private st RF 
ing rates is subject to considerable mesig 
ment error, and data on gross private så Bay 
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> To compute capital stocks, King and Levine oe ie 
estimate the capital-output ratio for over 100 cout: 4 é 
1950, data permitting, and then iterate forwa™:: 
Robert Summers and Alan Heston (1991) real inve; zt a 
data and a depreciation rate of 0.07. We update ® ie l 
timates through 1990 using Summers and Heston‘, Be 
data. Estimates of the capital share parameter, K+" igi 
range between 0.25 and 0.40 (see King and Levi? t- gg ae 
for citations). We experimented with values in hist Meg re 
and since the results do not importantly chang® "’ weet i H 
the results with x = 0.3. 

6 In the regressions, we include a term for in ee 

in human capital. y 
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wailable for many fewer countries in our 
sige 232) than, for example, Output Growth 
ie Nevertheless, these data offer a 
z oppor to shed some empirical 
Mg Feon important theoretical issues: what is 
‘onship between private saving rates 
k market liquidity, international risk 
a integrated capital markets, 
| Sie level of banking development? 
Same We term the four variables— Output 
ee a “wah Capital Stock Growth, Productivity 
y h, and Savings — growth indicators. 
l istis paper evaluates the empirical rela- 
OE ship between the four growth indicators 
els: tia 4 tthe six stock market indicators (Turnover, 
E Value Traded, Capitalization, Volatility, 
ECPM Integration, and APT Integration ) plus 


a 


še banking development indicator (Bank 


Celt. 


ED. ' Summary Statistics and Correlations 

. Table | presents summary statistics on the 
É it Hock market development indicators, the 
ies ik development indicator, and four growth 
a Heators. We have data for a maximum of 47 
mintries over the 1976—1993 period. Table 1 
feds substantial variance among the countries 
5 the growth and financial development indi- 
7 dees.’ For example, Korea averaged 9.7 per- 
i šat anual growth over the 1976-1993 period 

a private savings rate of almost 30 per- 
k = GDP, while Cote d’Ivoire grew at —2.5 
iin real per capita terms over the same 
Sand Bangladesh’s savings rate was 9 
zf GDP; Taiwan had Value Traded 
al to almost 1.2, while Nigeria’s Value 

S pveraged 0.0002 from 1976-1993. 

e O = ‘presents correlations. Data permit- 
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nies $0 that each country has one observa- 
me et Variable. We compute the correlations 
zeaPital Stock Growth and Productivity 
a Saat data averaged over the 1976- 
pe acl . Three correlations are worth 
ie ach E g. First, Bank Credit is highly cor- 
ce se with the growth indicators and all of 
Market indicators. Second, Bank 
getty highly correlated with Capital- 
ee 65), which suggests that it will be 
RRA guish between measures of 
‘size of the equity market and the 
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measure of bank credit to private enterprises 
divided by GDP. Third, the liquidity measures 
are positively and significantly correlated with 
Output Growth, Capital Stock Growth, and 
Productivity Growth at the 0.05-percent level. 


Ii. Stock Markets, Banks, and Economic Growth 


This section evaluates whether measures of 
banking development and stock market liquid- 
ity, size; volatility, and integration with world 
capital markets are robustly correlated with 
economic growth, capital accumulation, pro- 
ductivity growth, and private saving rates. The 
first two. subsections use least-squares regres- 
sions to study the ties between the growth 
indicators and measures of banking develop- 
ment, stock market liquidity, market size, and 
stock return volatility. The next subsection 
uses instrumental variables to examine the 
links between the growth indicators, banking 
development, and measures of capital market 
integration. We use instrumental variables be- 
cause the international integration measures 
are estimated regressors. The final subsection 
conducts a number of sensitivity checks on the 
robustness of the results. 


A. Framework: Banking, Liquidity, Size, 
and Volatility 


This subsection uses cross-country regres- 
sions to gauge the strength of the partial cor- 
relation between each of the four growth 
indicators and measures of banking and stock 
market development. The growth indicators 
are averaged over the 1976—1993 period. The 
banking and stock market development indi- 
cators are computed at the beginning of the 
period 1976 (data permitting). There is one 
observation per country. We organize the in- 
vestigation around the four stock market de- 
velopment indicators and always control for 
the level of banking development. Thus, we 
run 16 basic regressions, where the dependent 
variable is either Output Growth, Capital 
Stock Growth, Productivity Growth, or Sav- 
ings averaged over the 1976—1993 period. 
The four stock market variables are either 
Turnover, Value Traded, Capitalization, or 
Volatility measured at the beginning of the 
sample period. 
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_ TABLE 1—SUMMARY STATISTICS: ANNUAL AVERAGES 1976-1993 
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Notes: Output Growth = 


real per capita GDP growth; Capital Stock Growth = 





Mean Median Maximum Minimum deviation 

Output Growth 0.021 0.019 0.097 —0.025 0.022 

Capital Stock Growth 0.028 0.024 0.095 —0.023 0.026 

Productivity Growth 0.016 0.014 0.079 —0.019 0.017 

Sas O a00 20.8 29.7 91 51 

Capitalization 0.32 0.17 2.45 0.01 0.43 >g 
Value Traded 0.11 0.04 1.16 0.00 0.19 at 
Turnover 0.30 0.23 2.05 0.01 0.33 6 4 
Volatility 0.07 0.05 0.31 0.03 0.06 6 i 
Bank Credit 0.80 0.75 2.27 0.12 0.50 aif 
_ APT Integration —430 ~3.95 —2.17 —6.67 1.48 we : 
CAPM Integration ~4.08 —3.65 ~2.00 —9.98 1.86 y i 


real per capita capital stock gro $ 


Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private savings as a percent of G ® 
Capitalization = value of domestic shares as a share of GDP; Value Traded = value of the trades of domestic shuas HF 
a share of GDP; Turnover = value of the trades of domestic shares as a share of market capitalization; Volatiliy=. r 
measure of stock return volatility; Bank Credit = bank credit to the private sector as a share of GDP; APT btg į K 


tion = the arbitrage pricing theory measure of stock market integration; CAPM Integration = the international p 


asset pricing model measure of stock market integration. 


Traditionally, the growth literature uses 
growth and explanatory variables averaged 
over long periods. This approach, however, is 
frequently criticized because: (i) a common 
shock to the dependent and explanatory vari- 
ables during the sample period may be driving 
the empirical findings; and (ii) contempora- 
neous regressions—regressions using depen- 
dent and explanatory variables averaged over 
the same period—do not account for the po- 
tential endogenous determination of growth 
and the explanatory variables. Besides con- 
ducting the contemporaneous regressions, we 
focus on the “‘initial value’’ regressions, 
where we use the values of the banking and 
stock market indicators in 1976. While this 
analysis does not resolve the issue of causality, 
the initial value regressions show that the 
strong relationship between financial devel- 
opment and the growth indicators does not 
merely reflect contemporaneous shocks to 
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both,.and that stock market and banking ak 
velopment do not simply follow econo g ; 
development. ao 
To assess the strength of the indepen ® 
relationship between the initial levels of Sg 
market and banking development cath 
growth variables, we include a wide armij” E 
control variables, X. Specifically, we ne 
the logarithm of initial real per capital 
Initial Output, and the logarithm of | 
secondary-school enrollment rate, Enro ee 
because theory and evidence suggest 2 au = 
portant link between long-run growth at gi 4g 
tial income and investment in human & 4 
accumulation (Robert M. Solow, 195644 ae a 
1988; N. Gregory Mankiw et al., 1992: 2% 
and Xavier Sala-i-Martin, 1995). The #! ni 
of revolutions and coups, Revolution G ca 
Coups, is included since many authoS. s É, 
that political instability is moga a y 
ated with economic growth (see Bail 
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aot. pi i ue 
TABLE 2—CORRELATIONS 
Capital 
Jb Stock Productivity Value CAPM APT Bank 
Growth Growth Savings Capitalization Traded Turnover Integration Integration Volatility Credit 
0.773 0.957 0.4466 0.037 0.522 0.487 0.343 0.28 . ~—0.08 0.347 
(0.001) (0.001) (0.008) (0.037) (0.001) (0.001) (0.101) (0.186) (0.644) (0.013) 
as Q.557° 0.5300 0.203 0.425 0.356 0.228 0.182 —0.104 0.324 
E ey (0.171) (0.003) (0.014) (0.296) (0.407) (0.547) (0.023) 
= ST gato. 0.222 0.417 0.444 0.277 0.209 -0.169 0.372 
_ ©. oe (0.134) (0.003) (0.002) (0.200) (0.339) (0.325) - (0.008) 
Ean m — —0.0792 0.1601 0.4470  —0.1394 —0.3504 0.1189 0.1189 
4 (0.656) (0.366) (0.008) (0.620) (0.200) (0.555) (0.168) 
: = B e — 0.331 0.05 0476 036 -0.261 0.647 
a ; (0.022) (0.735) (0.019) (0.084) (0.124) (0.001) 
~ — — — — 0.831 0.188 0.068 0.085 0.449 
(0.001) (0.380) (0.752) (0.622) (0.001) 
mamaa — — —- m — 0.074 —0.003 0.186 0.328 
(0.730) (0.991) (0.278) (0.023) 
1 ; — P = = = = = 0.78 —0.838 0.45 
- = i (0.001) (0.001) (0.027) 
stock. go 
rcent OG o, s ~- — = — — — — = 0.573 0.454 
nestic 3 huye: (0.005) (0.026) 
n, Volatug 0.404 
» APT ine oe a — a = = = gg ca ext 
; APES (0.014) 
national ois 
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sai Marin [1995] for evidence and 


ons). We also include a variety of mac- 
tohomic indicators i in the conditioning 


eae tconsumption expenditures to GDP, Gov- 
capita ae eM, and the rate of inflation, Inflation, are 
1 of £d because theory and some evidence 
e, S$ a negative relationship between mac- 
ugg tomic instability and economic activity 
TOW 4am Easterly and Sergio Rebelo, 1993; 


humans niley. Fischer, 1993; Michael Bruno and 
i Si 1998). Similarly, the initial value of 

= alack market exchange rate premium, 
Market Premium, is part of the X vari- 
tce international price distortions may 
Dk SA efficienti investment decisions and eco- 
ative eee OWth (David Dollar, 1992). More- 
pects. aa black market premium is a general 
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Beds pivalues i in parentheses, Output Growth = real per capital GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Be iiy Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private savings divided by GDP; Capitalization = value 
c shares as a share of GDP; Value Traded = value of the trades of domestic shares as a share of GDP; Turnover = value of the 
Bee domestic shares as a share market capitalization; Volatility = measure of stock return volatility; Bank Credit = bank credit to the 
3 sector as a share of GDP; APT Integration = the arbitrage pricing theory measure of stock market integration; CAPM Integra- 

oa = the ir international capital asset pricing model measure of stock market integration. 


indicator of policy, price, and trade distortions 
and therefore is a useful variable to use in as- 
sessing the independent relationship between 
the growth indicators and measures of finan- 
cial sector development. As discussed below, 
alternative control variables and combinations 


of X variables do not materially affect the re- 
sults on the relationship between financial de- 
_ velopment and economic growth. 
B. Results: Banking, Liquidity, Size, 
and Volatility 


First, consider the results on stock market 
liquidity and banking development. Table 3 
presents four regressions, where the dependent 
variable is Output Growth, Capital Stock 
Growth, Productivity Growth, and Savings, 
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TABLE 3——INITIAL TURNOVER, BANKS, AND GROWTH, 1976-1993 














Dependent variables 
Independent Output Capital Stock Productivity . 
variables Growth Growth Growth Savings 
Bank Credit 0.0131 0.0148 0.0111 3.8376 
(0.0055) (0.0063) (0.0046) (2.3069) 

Turnover 0.0269 0.0222 0.0201 7.7643 

e (0.0090). (0.0094) ~. _ (0.0088) (5.6864) 
R? 0.5038 0.5075 0.4027 0.4429 
Observations 42 41 41 29 





Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real 
per capita GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private 
savings divided by GDP; Bank Credit = initial bank credit to the private sector as a share 
of GDP; Turnover = initial value of the trades of domestic shares as a share of market 
capitalization. Other explanatory variables included in each of the regressions: Initial Out- 
put, Enrollment, Revolutions and Coups, Government, Inflation, and Black Market Premium. 


respectively, and the liquidity measure is ini- 
tial Turnover. White’s heteroskedasticity- 
consistent standard errors are reported in 
parentheses. Both the stock market liquidity 
and banking development indicators enter the 
Output Growth, Capital Stock Growth, and 
Productivity Growth regressions significantly 
at the 0.05-percent significance level. To econ- 
omize on space, we only present the coeffi- 
cient estimates for the stock market and bank 
indicators. The full regression results for Table 
3 are given in the Appendix [see Table A1]. 
The other explanatory variables generally en- 
ter the regressions as expected. Initial income 
enters with a significantly negative coefficient 
and the size of the convergence coefficient is 
very similar to other studies (Barro and Sala-i- 
Martin, 1995). Secondary-school enrollment 
enters,the growth regression positively, while 
political instability enters with a significantly 
negative coefficient. Although the values of 
government consumption expenditures di- 
vided by GDP and inflation in 1976 enter the 
growth regression with negative coefficients, 
they are statistically insignificant, though in- 
flation has a strong negative relationship with 
capital accumulation and private saving rates. 
In this sample of countries and with the exten- 
sive set of control variables, the black market 
exchange rate premium does not enter the Out- 






confirms Levine and Renelt (1992). s Ta 
growth regression R? of 0.50 is consistent wé $$ 
other cross-country growth studies (e. g- Bih § l # 
and Sala-i-Martin, 1995). E e 
In sum, we find that both the initial leveld P 
banking development and the initial level d fi 
stock market liquidity have statistically sigt F #9 
icant relationships with future values of 0# n y 
put Growth, Capital Stock Growth, $. 
Productivity Growth even after controlling!\6 : 
many other factors associated with longté§ 
economic performance. These results are 08 § a 
sistent with the view that stock market li liq% | 
ity and banks facilitate long-run prow’ i 
(Levine, 1991; Bengt Holmstrom and A q 
Tirole, 1993; Bencivenga et al., 1995): ¥ 
results are not supportive ‘of: models that # re 
phasize the negative implications of $ % 
market liquidity (Shleifer and Vishny,- ie Et 
Shleifer and Lawrence Suminers, 1988); 
We do not find a statistically significa 
between private saving rates and either) $e 
market liquidity or banking developmel 43t 
though the saving results should be Vai 
very skeptically because there are only 2 298 BY: 
servations in the regressions, Cathey 
Bonser-Neal and Kathryn Dewenter iB 
find similar results using annual data wit 
observations: there is not a systematic 
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It is also worth noting that 
Mp results do not contradict Tullio Jappelli 
ee © Pagano’s (1994) findings that 
“HE tries where households are liquidity con- 
me an ed tend to have higher saving rates. In 
Se and Pagano (1994), “‘liquidity con- 
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Po : vely difficult to obtain mortgages or 

WÈ mer credit. In contrast, this paper uses 
ce Se term liquidity to refer to the ease with 
SEE tich agents can trade equities. Taken to- 
TE ner, the two sets of findings imply that 
a k: zagntries with large impediments to obtaining 
‘aki. eostgage and consumer credit tend to have 
‘ee i Hehet saving rates, while the level of activity 


TE -a a country’s stock exchange is unrelated to 
‘QM saving rates.’ Furthermore, our finding that 
£ sack market liquidity is unrelated to private 
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X saving rates is not inconsistent with our find- 
PAE wag that stock market liquidity is positively re- 

‘RAAN lated to physical capital accumulation: (a) 
tly, WH: Capital Stock Growth is generated by private- 
192) MEN sector, public-sector, and foreign investment, 
sistent Waa while Savings only measures gross private 
(e.g. Bile’ savings of domestic residents; and (b) the sav- 

me tzes analysis is based on a much smaller sam- 
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velopment and private savings has implica- 
tions for Mankiw et al.’s (1992) evaluation of 
the neoclassical growth model. One weakness 
in their analysis is that savings rates may be 
endogenous or proxying for some other 
country-specific factor. This paper’s results 
suggest that saving rates are not proxying for 
financial-sector development. 

Besides being statistically significant, the 
estimated coefficients suggest that the relation- 
ships between financial-sector development 
and future rates of long-run growth, capital ac- 
cumulation, and productivity improvements 
are economically large. For example, the es- 
timated coefficient implies that a one- 
standard-deviation increase in initial stock 
market liquidity (0.3) would increase per cap- 
ita growth by 0.8 percentage points per year 
(0.027*0.3) over this period. Accumulating 
over 18 years, this implies that real GDP per 
capita would have been over 15 percent higher 
by 1994 (exp {18*0.008 } ). The estimated co- 
efficient on Bank Credit also suggests a simi- 
larly large economic relationship between 
banking development and growth. Specifi- 
cally, a one-standard-deviation increase in ini- 
tial banking development (0.5) would 
increase Output Growth by 0.7 percentage 
points per year (0.013*0.5). Taken together, 
the results imply that if a county had increased 
both stock market and banking development 
in 1976 by one standard deviation, then by 
1994 real per capita GDP would have been 31 
percent larger, the capital stock per person 
would have been 29 percent higher, and pro- 
ductivity would have been 24 percent greater. 
These conceptual experiments do not consider 
the question of causality nor how to change 
the financial sector. Nonetheless, the examples 
illustrate the potentially large economic con- 
sequences of stock market liquidity and bank- 
ing development and the potentially large 

„~ economic. costs of impediments to financial-_ 
sector development. 

The Value Traded measure of stock market 
liquidity confirms these findings. Table 4 pre- 
sents the same type of regressions as in Table 
3 except we replace Turnover with Value 
Traded. Again, the initial liquidity and bank- 
ing development indicators are significantly 
and robustly correlated with future rates of 
economic growth, capital accumulation, and 
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TABLE 4—INITIAL VALUE TRADED, BANKS, AND GROWTH, 1 976-1993 








Dependent variables 





Independent Output Capital Stock Productivity 
variables Growth Growth Growth Savings 
Bank Credit 0.0146 0.0148 - 0.0125 3.4917 
(0.0056) (0.0061) (0.0047) (2.1920) , 
Value Traded 0.0954 0.0927 0.0736 15.8456 . 
SA (0.0315) (0.0324) ~ (0.0220Y (14.0757) 7 
R? 0.4655 0.5224 0.3726 0.4278 
Observations 43 42 l 42 29 


Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real 
per capita GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private 
savings divided by GDP; Bank Credit = initial bank credit to the private sector as a share 
of GDP; Value Traded = initial value of the trades of domestic shares as a share of GDP. 
Other explanatory variables included in each of the regressions: Initial Output, Enrollment, 


Revolutions and Coups, Government, Inflation, and Black Market Premium. 


productivity growth. Again, the estimated co- 
efficients suggest an economically large rela- 
tionship between initial financial development 
and future long-run growth rates. For example, 
the results imply that if in 1976 Mexico had 
had the sample mean value of Value Traded 
(0.046) instead of its actual value of (0.004), 
annual per capita growth would have 
been almost 0.4 percentage points faster 
(0.095 *0.04) over the sample period, such 
that GDP per capita would have been 7.5 per- 
cent higher by 1994 (exp{18*0.004}). The 
economic implications of a symmetric change 
in banking are even larger. If Mexico had had 
the sample mean value of banking develop- 
ment in 1976 (0.65 ) instead of its actual value 
of (0.13), growth would have been 0.8 per- 
centage points faster per year (0.015*0.52). 
Combined, these improvements in stock mar- 
ket liquidity and banking development in 1976 
are consistent with Mexico enjoying almost 
23-percent higher GDP per capita by 1994. 
The findings in Tables 3 and 4 also provide 
some information on the relative importance 
of the Capital Stock Growth and Productivity 
Growth channels. For example, the estimated 
parameter values imply that a one-standard- 
deviation increase in Value Traded in 1976 
(0.2) would increase Output Growth and Cap- 
ital Stock Growth by about 1.9 percentage 
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points per year. Since growth accounting i 
ercises generally give Productivity Growth $ 29 
weight that is about two times the weighte $ $ 
physical capital accumulation (i.e., k = Bese 
this implies that Productivity Growth accous | E aoe 
for about 1.3 percentage points (1.92 ir aed. 
(1/3)*1.9) of the 1. 9-percentage-point # ale’ 
crease in Output Growth generated by thee eB 
crease in Value Traded. Thus, the mii! ee 
channel linking financial development W hye 
growth runs through Productivity Grovd Re Se 
rather than Capital Stock Growth, whit 
is consistent with the findings in Jot Fe 
DeGregorio and Pablo E. Guidotti (19951 Hi 
noted above, the estimated coefficients shi 
not be viewed as exploitable elasticiti# 
Rather, these conceptual Oe our 
meant to illustrate the economic size 0 oe 
coefficients. i 

The forward-looking nature of stock prices ie 
the ‘‘price-effect’’ —is not driving the Sl a |- 3 
link between market liquidity and the S: $ 
indicators. This can be deduced from wok Re 
sults. First, the price effect does not i oe pe 
Turnover, and Turnover is robustly # $t 
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| BS Ta TABLE S—INITIAL VALUE TRADED, CAPITALIZATION, BANKS, AND GROWTH, 1976-1993 
ee? Dependent variables 
ey. À Independent Output Capital Stock Productivity 
Er variables Growth Growth _ Growth Savings 
Heke s Le ee AA e AERA A A AAAA ae Aiea emda einen enema 
ae Bank Credit 0.0083 0.0111 0.0086 2.9614 
A (0.0054) (0.0055) (0.0046) (2.0960) 
Aa Capitalization 0.0148" 0.0088 0.0070 -7.5606 
ve (0. 0068) (0.0092) (0.0056) (7.0266) 
A Value Traded 0.0700: 0.0780 0.0592 23.5929 
as (0.0322) (0.0382) (0.0227) (15.7283) 
Ta R? 0.5186 0.5297 0.4083 0.4499 
MN Se Observations 43 41 4] 29 
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i sh future rates of economic growth, capital 
th accolaime'at¢umulation, and productivity growth. Sec- 
ts (LI cad, we include Capitalization and Value 
e-poinh a $ Traded together in the same regression to test 
d by thes È whether the price-effect is producing the 
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, the; MEB ong empirical links between Value Traded 
wee 1 Son 

pment YAR 3d TA ‘growth indicators. The price-effect in- 

Ky Gro Ssences both Capitalization and Value 


di aded. If the price-effect is driving the em- 
gs -ina® Reais eal association between Value Traded and 
) ee fowth indicators reported in Table 4, then 
jents $0 , Fae -Traded should not remain significantly 
elastici related with the growth indicators when we 
rimeni ultaneously include Capitalization and 
bf. $ ‘alie Traded. This is not the case. As reported 
ek i AR 3 5, Value Traded in 1976 remains sig- 
ockpiG@aess2uy correlated with future rates of eco- 
1g e = €:growth, capital accumulation, and 
d the oi = Ciivity growth even when controlling for 
ctw et Capitalization (with little change in the 

j 2 teg coefficients). Thus, the evidence is 
yustly ae sae tent with the view that expectations of 
fa AR Se growth, which are reflected in current 

cay a ices, are driving the strong empirical 
co ip between stock market liquidity 
me Se ha The evidence is consistent. with 
k the ability to trade ownership of 











Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real 
per capita GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private 
savings divided by GDP; Bank Credit = initial bank credit to the private sector as a share 
of GDP; Value Traded = initial value of the trades of domestic shares as a share of GDP; 
Capitalization = initial value of domestic shares as a share of GDP. Other explanatory 
variables included in each of the regressions: Initial Output, Enrollment, Revolutions and 
Coups, Government, Inflation, and Black Market Premium. 


an economy’s productive technologies easily 
promotes more efficient resource allocation, 
capital formation, and faster growth." 
Importantly, initial stock market size and 
stock return volatility are not generally robust 
predictots of the growth indicators. Although 
the coefficients presented in Table 6 indicate 
a positive association between Capitalization 
and both Output Growth and Capital Stock 
Growth, this relationship is strongly influ- 
enced by a few countries. Specifically, if Ja- 
maica, Korea, and Singapore are removed 
from the regression, Capitalization no longer 


'© The strong link between liquidity and capital accu- 
mulation suggests an area for future research. Specifically, 
three empirical fitidings need tv be reconciled: (1) stock 
market liquidity is positively tied to capital formation, but 
(2) equity sales do not finance much of this capital for- 
mation (Colin Mayer, 1988), and (3) stock market li- 
quidity is positively associated with corporate debt-equity 
ratios in developing countries (Demirgti¢-Kunt and 
Maksimovic, 1996). These findings imply interactions be- 
tween stock markets, banks, corporate finance, and cor- 
porate investment decisions that many existing theories do 
not fully. capture (though, see Boyd and Smith [1996] and 
Elisabeth Huybens and Smith [1998 ]). 
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TABLE 6—INITIAL CAPITALIZATION, BANKS, AND GROWTH, 1976—1993 








Dependent variables 





Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real 
per capita GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings = private 
savings divided by GDP; Bank Credit = initial bank credit to the private sector as a share 


of GDP; Capitalization = initial value of domestic shares as a share of GDP. Other ex-. 


planatory variables included in each of the regressions: Initial Output, Enrollment, Revo- 


Independent Output Capital Stock Productivity 
variables Growth Growth Growth Savings 
Bank Credit 0.0089 0.0090 0.0094 5.1226 
(0.0061) (0.0078) (0.0050) (2.0927) 
- Capitalization 0.0230 0.0207 0.0135 -0.7291 
= meee opos (0.00657 ~- ~ - (0.0081) (0.0055) (7.1411) 1 a 
R? 0.4577 0.3754 0.3423 0.3189 
Observations 45 44 44 31 


lutions and Coups, Government, Inflation, and Black Market Premium. 


enters the regression significantly.'’ Similarly, 
the results on market volatility do not suggest 
a reliable link to the growth indicators. As 
shown in Table 7, stock return volatility is not 
closely linked with future growth, productivity 
improvements, or private saving rates, and 
Volatility is positively correlated with capital 
accumulation. As discussed below, the results 
on market liquidity are much more robust to 
the removal of outliers. More importantly, the 
relationship between stock market size and the 
growth indicators vanishes when controlling 
for stock market liquidity (Table 5). Thus, it 
is not just listing securities on an exchange; it 
is the ability to trade those securities that is 
closely tied to economic performance. 


C. International Capital Market Integration, 
Banking, and the Growth Indicators 


To investigate the relationship between the 
growth indicators and international capital mar- 
ket integration, we slightly revise the analytical 
framework in two ways. First, we only have 
data on capital market integration for 24 coun- 
tries. Thus, we use pooled cross-section time- 


'' That is, the p-value on the coefficient on Capitali- 
zation rises above.0.10. 


large effect. For CABBIE a geai 


_ the data for some countries start in 1978. 


series data averaged over the periods 19%] 
1985 and 1986-1993, so that each country te’ 
potentially two observations for a maximumd 
48 observations.’ Second, CAPM Integral 
and APT Integration are estimated regress’ 
Therefore, we use two-stage least squares oe! 
rive consistent standard errors as suggest 
Adrian Pagan (1984)."° 

Tables g and 9 report the results on cape 
market integration. The CAPM and APTKE 
tegration measures enter the growth equa $ 
with a positive coefficient suggesting $ 
greater capital market integration is pst 
related to economic performance. Fur 
more, the point estimates imply a port 





















"io, 


-12 We. choose this. asymmetric dividing point 8 ve 3 E 


'3 For instruments, we use Initial Output, mnia if 
Revolutions and Coups, initial Capitalization, ini aa, A 
Traded, initial Turnover, initial Inflation, initia: 

international trade to GDP (Trade), initial Gove | 
and initial Black Market Premium. The i Oo i 
0.73 for the CAPM Integration measure and 0.525 ra 
APT Integration measure and the F-statistic fot. ie ‘ £ 
jects the null hypothesis that none of the cross% à: 3 
variation in capital market integration is expiant 
explanatory variables. Furthermore, the simple 
gressions yield virtually identical results to the in Per | 
tal variable results Presented in Tables 8 and Pz: 
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` 4 af et ee t F 
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TABLE 7—INITIAL VOLATILITY, BANKS, AND GROWTH, 1976—1993 
eo wy 


Dependent variables 





A Independent Output Capital Stock Productivity 

z variables Growth Growth Growth Savings 

% Bank Credit 0.0150 0.0140 0.0130 3.5945 

JA (0.0074) (0.0085) (0.0066) (1.9631) 

3 Volatility 0.0150 0.4998 0.0211 115.0991 

RI (0.0074) (0.1580) (0.2146) (99.4063) 
R? 0.4183 0.6817 0.2938 0.7708 
Observations 32 32 32 23 


of GDP; Volatility = 




















iW deviation increase in CAPM Integration 
mel (1.86) would increase Output Growth by 
imum@eabout 1.2 percentage points per year 
A Al. 86+0.0065). Nonetheless, the data do not 
E zest a statistically strong link between cap- 
tOM £a] market integration and the growth indica- 
ted ig len. The CAPM and APT Integration 
Ame Seasufes are not significantly correlated with 
3 utp jut Growth at the 0.10 level. Moreover, the 
ae ported regressions exclude Inflation, which 
Bevery highly correlated with stock market in- 

i Réeération. With inflation included, the t- 
js datistics on CAPM Integration and APT 
Efaiceration become even smaller. While the 
pe final sample may lower confidence in 
‘4 = pothesis t the findings do not support the 
that greater risk sharing through in- 

eat a inally i integrated markets affect growth, 


al accumulation, productivity growth, or 
t g rates. 


oe _D. DenSHtiNEty Analyses . 


k-e conducted a wide array of sensitivity 
os UYSES. R check the robustness of these re- 
mentioned above, regressions using 


are available at http://www.worldbank. 
erthweb/ growth_t.htm. 


Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real 
per capita GDP growth; Capital Stock Growth = real per capita capital stock growth; 
Productivity Growth = Output Growth-(0.3) (Capital Stock Growth); Savings. = private 
savings divided by GDP; Bank Credit = initial bank credit to the private sector as a share 
initial measure of stock return volatility. Other explanatory variables 
included in each of the regressions: Initial Output, Enrollment, Revolutions and Coups, 
Government, Inflation, and Black Market Premium. 


values of the dependent and explanatory vari- 
ables averaged over the entire sample period 
yield similar results. Furthermore, changing 
the conditioning information set did not ma- 
terially affect our results.'° For example, alter- 
ing the set of explanatory variables included 
in the regression, adding measures of legal ef- 
ficiency or institutional development, as de- 
fined in Paulo Mauro (1995), or using the 
King and Levine (1993a) measure of financial 
depth did not affect the strong link between 
stock market liquidity and growth.'® We also 
experimented with an alternative measure of 
stock market liquidity that gauges trading rel- 
ative to stock price movements. Specifically, 
we divide Value Traded by Volatility. All 
things equal, more liquid markets should be 
able to support more trading with less price 
volatility. This alternative measure produced 
similar results. 
We test for the potential influence of outliers 
~-n two ways. First, we use the procedure for 


* 


5 Furthermore, we used Summers and Heston (1993) 
data, instead of own currency prices, to compute Govern- 
ment and Output Growth. This did not affect the results. 

'©’-When the legal efficiency and institutional develop- 
ment indicators are included with enough additional ex- 
planatory variables, the sample, size falls dramatically, 
such that the Bank Credit.becomes insignificant at the, 
0.05-percent level in some specifications. 
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TABLE 8—STOCK MARKET INTEGRATION (CAPM), BANKS, AND GROWTH, 1976— 1993, 
POOLED, INSTRUMENTAL VARIABLES 








Dependent variables 





Independent Output Capital Stock Productivity 
variables Growth Growth Growth Savings 
Bank Credit 0.0096 0.0143 0.0032 —4.3598 
7 (0.0134) (0.0172) (0.0136) _. . (2.9495) 
CAPM Integration 0.0065 0.0014 0.0085 2.0167 
(0.0043) (0.0045) (0.0048) (2.0609) 
Observations © 38 38 38 25 





Notes: First-stage R? for CAPM Integration: 0.73. Heteroskedasticity-consistent standard 
errors in parentheses, Output Growth = real per capita GDP growth; Capital Stock Growth = 
real per capita capital stock growth; Productivity Growth = Output Growth-(0.3) (Capital 
Stock Growth); Savings = private savings divided by GDP; Bank Credit = initial bank 
credit to the private sector as a share of GDP; CAPM Integration = the international capital 
asset pricing model measure of stock market integration. Instruments: a constant, Initial 
Output, Enrollment, Revolutions and Coups, and initial values of Government, Black Mar- 
ket Premium, Trade, Capitalization, Value Traded, Turnover, and Bank Credit. 


TABLE 9—-STOCK MARKET INTEGRATION (APT), BANKS, AND GrowTH, 1976-1993, 
POOLED, INSTRUMENTAL VARIABLES 


Dependent variables 


Independent Output Capital Stock Productivity 

variables Growth Growth Growth Savings 

Bank Credit 0.0148 0.0186 0.0117 —3.8182 
(0.0143) (0.0166) (0.0150) (2.3952) 

APT Integration 0.0075 —0.0008 0.0086 2.8466 
(0.0074) (0.0076) (0.0073) (1.7108) 

Observations 38 38 38 25 





Notes: First-stage R? for APT Integration: 0.52. Heteroskedasticity-consistent standard 
errors in parentheses. Output Growth = real per capita GDP growth; Capital Stock Growth = 
real per capita capital stock growth; Productivity Growth = Output Growth-(0.3) (Capital 
Stock Growth); Savings = private savings divided by GDP; Bank Credit = initial bank 
credit to the private sector as a share of GDP; APT Integration = the arbitrage pricing 
theory measure-of stock market integration. Instruments: a constant, Initial Output, En- 
rollment, Revolutions and Coups, and initial values of Government, Black Market Pre- 


_ mium, Trade, Capitalization, Value Traded, Turnover, and Bank Credit. 





MES "a 


analyzing the influence of particular observa- 
tions described in Wiliam Greene (1993 pp. 


287—88). This procedure identifies countries. 


that exert a large effect on each equation’s re- 
siduals. Using a critical value of 2.5, we find that 
removing particularly influential observations 
does not affect our conclusions. Second, we use 
a more subjective method for identifying influ- 
ential observations; we use scatterplots of the 
partial relationship between each of the growth 


indicators and the individual stock maid 
cators to identify outliers that may- be € oe 
sively influencing the slope and si 
the estimated regression line.” Renovigi 






" Specifically, in the multivariate regressio% A 
on X, Bank Credit, and S(k), where S(k) rep% ag A 
particular stock market indicator taken in 
scatterplot is computed as follows: regress ct ro 
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TABLE 10—-INITIAL Stock MARKET DEVELOPMENT, BANKS, AND GROWTH, 78-COUNTRY 
SAMPLE 


SS 
Dependent variable: Output Growth 


78-country sample Original sample 
Stock market indicator (SMD): Bank Credit SMI Bank Credit SMI 
Turnover 0.015 = 0.022 0.013 0.027 
(2.753) (2.448) (2.753) (2.448) 
Value Traded 0.013 0.111 0.015 0.095 
(2.630) (4.242) (2.536) (3.854) 
Capitalization ' 0.012 0.018 0.009 0.023 
l (2.047) (2.826) (1.866) (2.672) 


i ee a a 
Notes: Heteroskedasticity-consistent f-statistics in parentheses. Output Growth = real per 
capita GDP growth; Bank Credit = initial bank credit to the private sector as a share of 
GDP: Tumover = initial value of trades of domestic shares as a share of market capitali- 
zation; Capitalization = initial value of domestic shares as a share of GDP; Value Traded = 
initial value of trades of domestic shares as a share of GDP; Other explanatory variables 
included in each of the regressions: Initial Output, Enrollment, Revolutions and Coups, 


553 















= observations importantly weakens the re- 
tatoash ip between the growth indicators and 
4 "aat size, as noted above. The other results do 
Eo. #t change. In particular, stock market liquidity 
Meee maas robustly correlated with growth, capital 
gages cumulation, and productivity growth after re- 
5 Wing potential outliers. 
; We ‘weéie also concerned about a potential 
be seple’-selection problem: we only include 
A umite with sufficient stock market activity 
ie ‘warrant inclusion in data bases. We have 
data on all the non-stock market data for an 
: al 31 countries. Although we do not 
l E E explicit observations on stock transac- 
ñ these economies, anecdotal informa- 
i and a review of official documents 
t that stock market activity in these 
ri me Was inconsequential in 1976. Thus, 
ae ess 31 countries, we enter values of zero 
aes tion, Value Traded, and Turn- 


AE eas 
ie atin, = 
that a a er 

nt X 
—— 


A oe ha collect the residuals, U(G(i)). Regress 
° Mi ne oe Bank Credit and collect the residuals, 
Ges. a Plot U(G(i)) against U(S(k)). This gives 
S214 Staph of the relationship between G(i) 
g for X and Bank Credit. This helps 
arly: influential observations. 


Government, Inflation, and Black Market Premium. 


over. Zero is not an extreme guess. Recall 
from Table 1 that the minimum values for 
Capitalization, Value Traded, and Turnover 
are 0.01, 0.0002, and 0.006 with standard de- 
viations of 0.43, 0.19, and 0.33, respectively. 
As shown in Table 10, the link between eco- 
nomic growth and the initial levels of both 
stock market liquidity and banking develop- 
ment remains strong even when including data 
on these additional 31 countries.’ 


I. Conclusion 


This paper studied the empirical relation- 
ship between various measures of stock mar- 
ket development, banking development, and 
long-run economic growth. We find that, 


' These 31 countries are Bolivia, Botswana, Came- 
roon, Central African Republic, Costa Rica, Doininicait 
Republic, Ecuador, Ethiopia, Ghana, Guatemala, Guyana, 
Haiti, Kenya, Lesotho, Liberia, Madagascar, Malawi, 
Mali, Mauritania, Mauritius, Nicaragua, Niger, Paraguay, 
Rwanda, Senegal, Somalia, Sri Lanka, Tunisia, Uruguay, 


Zaire, and Zambia 
'? Using these additional 31 countries does not alter the 


conclusions about the robust links between the financial 
indicators and Capital Stock Growth and Productivity 
Growth. 


554 THE AMERICAN ECONOMIC REVIEW 


even after controlling for many factors as- 
sociated with growth, stock market liquidity 
and banking development are both positively 
and robustly correlated with contemporane- 
ous and future rates of economic growth, 
capital accumulation, and productivity 
growth. This result is consistent with the 
view, that a „greater ability. to. trade ownership 
of an economy’s productive technologies fa- 
cilitates efficient resource allocation, physi- 
cal capital formation, and faster economic 
growth. Furthermore, since measures of 
stock market liquidity and banking devel- 
opment both enter the growth regressions 
significantly, the findings suggest that banks 
provided different financial services from 
those provided by stock markets. Thus, to 
understand the relationship between the fi- 
nancial system and long-run growth more 
comprehensively, we need theories in which 
both stock markets and banks arise and de- 
velop simultaneously while providing dif- 
ferent bundles of financial services to the 
economy. We find no support for the conten- 
tions that stock market liquidity, interna- 
tional capital market integration, or stock 
return volatility reduce private saving rates 
or hinder long-run growth. This paper finds 
a strong, positive link between financial de- 
velopment and economic growth and the re- 
sults suggest that financial factors are an 
integral part of the growth process. 


DATA APPENDIX 
A. Variables and Sources 


Data are available at the web site http:// 
www.worldbank.org/html/prdmg/grthweb/ 
growth_t.htm. 

CAPM Integration and APT Integration: 
Measure of each stock market’s integration with 
world equity markets based on the capital asset 
pricing model and arbitrage pricing theory, re- 
spectively. (Sources: Korajczyk, 1994, 1996.) 
Bank Credit: Stock of credit by commercial 
and deposit-taking banks to the private sector 
divided by GDP. (Source: International Mon- 
etary Fund’s (IMF’s) International Financial 
Statistics. ) 

Black Market Premium: Black market 
exchange rate premium. (Sources: Picks Cur- 
















rency Yearbook through 1989 and roa 
rency Yearbook.) 

Capital Stock Growth: Growth rate ip Ba : 
stock per person, available through Ty | 
(Sources: King and Levine, 1994.) | ae 
Capitalization: Average value of listed’ ak is 
mestic shares on domestic exchanges in aw 
divided by GDP that year. (Sources: taat. 
tional Finance Corporation’s (IFC’s) Ere & 
ing Markets Data Base (electronic ye inh 
and the IMF’s International Finances 
Statistics. ) 

Government: Government consumption gh; 
of GDP. (Sources: IMF’s $ International K 
nancial Statistics and World Bank’s woki ie 
Development Indicators. ) ae E 
Inflation: Rate of change in the GDP deiae k A 
if unavailable, consumer price index is usd fe 
(Sources: IMF’ s. International Financial $% E 
tistics and World Bank’s World Develop mea 
Indicators. ) ag 
Initial Output: Logarithm of real per caji 
GDP in 1976. (Source: IMF's Internatio} d 
Financial Statistics.) 1th ii 
Enrollment: Logarithm of the secondä: 
school enrollment rate in 1976. ( Sourtes 
IMF’s International Financial Statist 
and World Bank’s World Developm 
Indicators. ) -= JAER 
Output Growth: Growth of real per cap $: 
gross domestic product. (Source: IMF se ie 
national Financial Statistics. ) poi 
Productivity Growth: Output Growth ni ta 
0.3 times Capital Stock Growth, avail p 
through 1990. (Source: King and Levit RE 
1994.) T E 
Revolutions and Coups: Number of ost xa 


tions and coups per year, averaged ovel# B 
1980’s. (Source: Arthur S. Banks, 1994) ahs 
Savings: Gross private saving as a Per kE 
GDP, available from 1982 onward for OCR 
tries classified as “‘developing’’ by the YS | 
and for the entire sample period for indus al y s 
countries. (Source: Masson et al., 1995 JSK 
Trade: Exports plus imports divided by. ai § $ 
(Sources: IMF’s International F inancial» Py 
tistics and World Bank’s World Develop% i’ 

Indicators.) A psi 
Turnover: Value of the trades of dof if os 
shares on domestic exchanges over È 
divided by the average value of dont 


shares listed on ‘domestic exchange : 
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$ 


= eSources: IFC’s Emerging Markets Hong Kong, Indonesia (i, s), India (i, s, v), 
je Je ose (electronic version) and the Israel (v), Italy (i, s, v), Jamaica (s), Jor- 
a “pals International Financial Statistics. ) dan (i, v), Japan (1, s, v), Korea (i, s, v), 
Ei IMF Tråded: Value of the trades of domestic Luxembourg, Mexico (i, v), Malaysia (i, s, 
2 = on domestic exchanges over the year v), Morocco (s), Nigeria (1, s), The Neth- 
ine. ide sided by GDP. (Sources: IFC’s Emerging _ erlands (s, v), Norway (s, v), New Zealand 
ae ts Data Base (electronic version) and (s, v), Pakistan (i, v), Peru, Philippines (i, 
$ ‘is IME’S International Financial Statistics. ) v), Portugal (i, s, v), Singapore, Sweden (S, 
bs -Yalatility: Measure of the volatility of stock v) : Thailand (i, v), Turkey (s, Vv), Taiwan 
s Setamns, based on the stock market index value. (i, v), United States (i, s, v), Venezuela (i, 
ie 7 2 (Sources: IEC’s Emerging Markets Data Base v), and Zimbabwe (i, s, v). o 
— .{electronic: version) and the IMF’s Interna- The ‘‘v’’ in parentheses indicates that 
chaste: ‘onal Financial Statistics. ) this country is one of the 36 countries for 
Be as l which we computed Volatility from 
iB, Countries Coverage and Sample Period monthly stock returns. The ‘‘i’’ in paren- 
SE theses indicates that this country is one of 
} F a - The following countries were used in the the 24 with CAPM and APT Integration 
ry f analyses: Argentina (i, v), Australia (i, S, data in Korajczyk (1994, 1996). The s”? 
Seay), Austria (s, v), Bangladesh (s), Belgium in parentheses indicates that this country is 
(gs, v), Brazil (i, v), Canada (s, v), Chile one of the 32 countries with private savings 
‘fae (i.s, v), Colombia (i, s, v), Cote d’Ivoire, data in Masson et al. (1995). Unless indi- 
aE Germany (s, V), Denmark (s, v), Egypt (s), cated otherwise, the data are averages over 
MME Spain (s, v), Finland (s, v), France (s, v), the period 1976-1993. 
me United Kingdom (i, s, v), Greece (i, s, v), Table A1 follows. 
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Statis TABLE Al—CoMPLETE TABLE 3 RESULTS——INITIAL TURNOVER, BANKS, AND GROWTH, 1976—1993 


E Dependent variables 
TO Capital 
T Output Stock Productivity 
, ‘dependen adent variables Growth Growth Growth Savings 
A 0.0464 0.1049 0.0324 29.2948 
EES (0.0246) (0.0341) (0.0150) (6.0756) 
ogee l Output 0.0139 0.0120 ~0.0078 ~0.5831 
B (0.0049) (0.0073) (0.0042) (1.8875) 
Erda 0.0230 0.0049 0.0118 —0.3602 
eas (0.0125) (0.0152) (0.0097) (4.7179) 
g seretations and Coups ~0.0346 —0.0306 —0.0227 -13.0141 
E (0.0108) (0.0113) (0.0083) (4.3871) 
Peer eat 0.0619 0.0021 0.0407 21.5703 
(ae (0.0379), (0.0532) __ (0.0031) (20.6724) 
l -0.0071 ~0.0296 00085. 11.3403 
=. (0.0065) (0.0107) (0.0082) (5.9731) 
> Market Premium 0.000 ~0.0002 0.0000 -0.0036 
G eE (0.0000) (0.0001) (0.0000) (0.0204) 
Ta 0.0131 0.0148 0.0111 3.8376 
r (0.0055) (0.0063) (0.0046) (2.3069) 
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Capital a 
Output Stock Productivity at 
Independent variables Growth Growth Growth _ yet | 
ie Ce ee ee eee at, "4 
Turnover 0.0269 0.0222 0.0201 ane | 
(0.0090) (0.0094) (0.0088) ion 
R? 0.5038 0.5075. 0.4027 pee 
Observations 42 41 4l E 
CO E 
Notes: Heteroskedasticity-consistent standard errors in parentheses. Output Growth = real per capita GDP growth; ee 


Stock Growth = real per capita capital stock growth; Productivity Growth = Output Growth-(0.3) (Capital Stock Grogg:.. 
Savings = private savings divided by GDP; Initial Output = 
logarithm of initial secondary school enrollment; Revolutions and Coups = number of revolutions and coups pery 
initial government consumption expenditures divided by GDP; Inflation = initial inflation rate: iiss i 
initial black market exchange rate premium; Bank Credit = 
as a share of GDP; Turnover = initial value of the trades of domestic shares as a share of market capitalization, = 


Government = 
Market Premium = 
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‘A large literature, dating at least as far back 
as Joseph A. Schumpeter (1911), emphasizes 
ME ihe positive influence of the development of a 
Sam country’s financial sector on the level and the 
‘tional Bp? gate of growth of its per capita income. The 
idgeve:: argument essentially is that the services the fi- 

1E aancial sector provides—of reallocating cap- 
ing. Fes; tal to the highest value use without substantial 
ibritsi& dsk of loss through moral hazard, adverse se- 
el X fection, or transactions costs—are an essential 
Kg éatalyst of economic growth. Empirical work 
‘grees ems consistent with this argument. For ex- 
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Financial Dependence and Growth 


By RAGHURAM G. RAJAN AND LUIGI ZINGALES * 


This paper examines whether financial development facilitates economic growth 
by scrutinizing one-rationale for such a relationship: that financial development 
reduces the costs of external finance to firms. Specifically, we ask whether in- 
dustrial sectors that are relatively more in need of external finance develop dis- 
proportionately faster in countries with more-developed financial markets. We 

nd this to be true in a large sample of countries over the 1980's. We show this 
result is unlikely to be driven by omitted variables, outliers, or reverse causality. 


development or whether financial develop- 
ment reflected economic growth whose main- 
springs must be sought elsewhere.” While 
Goldsmith is agnostic, other economists have 
expressed downright skepticism that financial 
development is anything but a sideshow to 
economic development. Joan Robinson (1952 
p. 86) is representative of such a viewpoint 
when she claims ‘‘where enterprise leads, fi- 
nance follows.”’ 

In an important recent paper, Robert G. 
King and Ross Levine (1993a) investigate the 
causality problem following a post hoc, ergo 
propter hoc approach. They show that the pre- 
determined component of financial develop- 
ment is a good predictor of growth over the 
next 10 to 30 years. However, the skeptic 
could still offer a number of arguments against 
attributing causality. 

First, both financial development and 
growth could be driven by a common omitted 
variable such as the propensity of households 
in the economy to save. Since endogenous 
savings (in certain models of growth) affects 
the long-run growth rate of the economy, it 
may not be surprising that growth and initial 
financial deveiopment are-correlated. This ar- 
gument is also hard to refute with simple 
cross-country regressions. In the absence of a 
well-accepted theory of growth, the list of po- 
tential omitted variables that financial-sector 
development might be a proxy for is large, and 
the explanatory variables to include a matter 
of conjecture. 

Second, financial development—typically 
measured by the level of credit and the size of 


4 
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the stock market— may predict economic 
growth simply because financial markets 
anticipate future growth; the stock market cap- 
italizes the present value of growth opportu- 
nities, while financial institutions lend more if 
they think sectors will grow. Thus financial 
development may simply be a leading indica- 
tor rather than a causal factor. 

One way to make progress on causality is 
to focus on the details of theoretical mecha- 
nisms through which financial development 
affects economic growth, and document their 
working. Our paper is an attempt to do this. 
Specifically, theorists argue that financial mar- 


kets and institutions help a firm overcome 


problems of moral hazard and adverse selec- 
tion, thus reducing the firm’s cost of raising 
money from outsiders. So financial develop- 
ment should disproportionately help firms (or 
industries ) typically dependent on external fi- 
nance for their growth. Such a finding could 
be the ‘‘smoking gun’’ in the debate about 
causality. There are two virtues to this simple 
test. First, it looks for evidence of a specific 
mechanism by which finance affects growth, 
thus providing a stronger test of causality. Sec- 
ond, it can correct for fixed country (and in- 
dustry) effects. Though its contribution 
depends on how reasonable our microeco- 
nomic assumptions are, it is less dependent on 
a specific macroeconomic model of growth. 
We construct the test as follows. We iden- 
tify an industry’s need for external finance (the 
difference between investments and cash gen- 
erated from operations) from data on U.S. 
firms. Under the assumption that capital mar- 
kets in ‘the United States, especially for the 
large listed firms we analyze, are relatively 


: frictionless; this method allows us to identify 


an industry’s technological demand for exter- 
nal financing. Under the further assumption 
that such.a‘technological demand carries over 
to other countries, we examine whether indus- 


tries that-are more dependent on external fi- - 


nancing. grow relatively faster in countries 
that, a priori, are more financially developed. 

This would imply that, ceteris paribus, an 
industry such as Drugs and Pharmaceuticals, 
which requires a lot of external funding, 
should develop relatively faster than Tobacco, 
which requires little external finance, in coun- 
tries that are more financially developed. Con- 





























sider, for instance, Malaysia, Koreas 
Chile, which are moderate-income; {AA 
growing, countries that differ consideraify Sire 
their financial development. Consistent gcc: See 
our hypothesis, in Malaysia, which wag aS oe 
most financially developed by our meace ee 
Drugs and Pharmaceuticals grew at Ñ} 
percent higher annual real rate over the 198 
than Tobacco (the growth rate for each į : 
try is adjusted for the worldwide growth ra r 
of that industry). In Korea, which was ma 
erately financially developed, Drugs grew’ 
3-percent higher rate than Tobacco. In Chk 
which was in the lowest quartile of finaneig.! 
development, Drugs grew at a 2.5-percep: 4tas 
lower rate than Tobacco. So financial devas! ag 
opment seems to affect relative growth Tag aa 
of industries in the way predicted. We esi: 
lish. this result more systematically for a ling aoe: 
cross section of industries and countries ne ea 
body of the paper. 


are more likely to be new w firms, which er: 3 
more on external finance than establish: 

firms. So the growth of the number of est $ 
lishments in industries dependent on exten 
finance should be particularly sensitive to & 
nancial development. This is indeed the cat 
Our estimates suggest that financial devel 4 
ment has almost twice the economic effect ty 4 
the growth of the number of establishment 


establishments. This suggests that an adó 
tional indirect channel through which finat 
development could influence growth is by de st 
proportionately improving thie: prospects 
young firms. If these are typically innovate 
they make possible Schumpeterian ‘‘wave®-g 
creative destruction’ that would ‘not evel $:$ 
initiated in countries with‘ léss- develo% x 
markets. 3 
Let us be careful about what we int 
about what we have little to say. Our yy 
suggest that the ex ante development of Bf 
cial markets facilitates the ex post grow" s 
sectors dependent on external finance. T E RI 
implies that the link between financial 06:2 Sees 
opment and growth identified elsewhere EE 

























H at least in part, from a channel identified 
R e theory: financial markets and institu- 
3] j reduce the cost of external finance for 
a. Of course, our analysis suggests only 

py Bas ‘al development liberates firms from 
3 f generating funds internally. It 
aa Egg ultimately the availability of profitable in- 
ee, <eament opportunities that drives growth, and 
ear ttle to say about where these come 


“ 


R 
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ponents ¥ B: gate of growth exceeds the growth that could 
ecompoys E have been supported only by internal re- 


MM related to the stock market turnover and to a 
omer Eicasure of law enforcement. There are two 
E essential differences from our paper. First, 
& tiéir estimate of the internal growth rate of a 
“frm is dependent on the firm’s characteristics. 
While it is potentially more accurate than our 
‘Qmmecficasure of external dependence, it is also 
fe Sere-endogenous. Second, they focus on 
‘7 k betveen-country differences in the spirit of 
& aditional cross-country regressions, while 
geur-focus' is on within-country, between- 

s=uustry differences. The latter is an important 


sp a0Vvation in this paper. 

a Jith Jayaratne and Philip E. Strahan (1996) 

$ amine the liberalization of the banking sec- 

‘ Fecal years and show that this had a positive 
on a state’s growth. Our attempt to 


wE 


Aeru a: 


o Userdifferences in growth rates across the 


Sat 


fal shock of liberalization while we use 


wd 


=. ees between industries within a coun- 
ese SO. Since they focus on a very nice 
<petiment to provide identification, 
<iodology may be harder to apply to 
fountries or different questions. But 
“portant difference is that we focus 


t-for fixed effects is similar.to theirs. 
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on providing evidence for a microeconomic 
channel through which finance is supposed to 
work rather than examining, as they do, the 
broader correlation between finance and 
growth. 

Finally, Levine and Sarah Zervos (1998) 
study whether stock markets and banks pro- 
mote economic growth. They find that mea- 


_ sures of market liquidity are strongly related 


to growth, capital accumulation, and produc- 
tivity, while surprisingly, more traditional 
measures of development such as stock market 
size are not as ‘robustly correlated. They also 
find that bank lending to the private sector has 
a strong independent effect on growth. They 
focus on a richer set of measures of financial 
development and growth than we do, but their 
cross-country regression methodology is also 
more traditional. The two studies should be 
viewed as complementary —theirs providing 
information on a broader set of correlations, 
while ours details a mechanism. 

In this paper, we start by describing the 
theoretical underpinnings of our work in Sec- 
tion I and then our measure of external depen- 
dence in Section II. In Section III, we present 
our data on financial development, country 
characteristics, and industry growth. In Sec- 
tion IV we set up our main test and discuss the 
results. We explore other tests and the robust- 
ness of our findings in Section V. Section VI’ 
concludes. 


I, Theoretical Underpinnings and the Basic Test 
A. Theoretical Underpinnings 


There has been extensive theoretical work 
on the relationship between financial devel- 
opment and economic growth. Economists 
have emphasized the role of financial devel- 
opment in better identifying investment op- 
portunities, reducing investment in liquid but 
unproductive assets, mobilizing savings, 
boosting technological innovation, and im- 
proving risk taking.' All these activities can 


' Apart from the papers discussed below, see Valerie 
R. Bencivenga and Bruce D. Smith (1991), Gilles Saint- 
Paul (1992), King and Levine (1993b), Maurice Obstfeld 
(1994), and John H. Boyd and Smith (1996). 
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lead to greater economic growth. We do not 
have the space to go into all these theories [see 
Levine (1997) for a comprehensive recent sur- 
vey] so we content ourselves with outlining 
the essential theoretical underpinnings for our 
test. 

Jeremy Greenwood and Boyan Jovanovic 


(1990) develop a model where the extent of ` 


financial intermediation and economic growth 
are endogenously determined. In their model, 
financial intermediaries can invest more pro- 
ductively than individuals because of their bet- 
ter ability to identify investment opportunities. 
So financial intermediation promotes growth 
because it allows a higher rate of return to be 
earned on capital, and growth in turn provides 
the means to implement costly financial 
structures. 

Equivalently, the model could be recast to 
show that financial development reduces the 
cost of raising funds from sources external to 
the firm relative to the cost of internally gen- 
erated cash flows. External funds are generally 
thought to be costlier because outsiders have 
less control over the borrower’s actions (see, 
for example, Michael C. Jensen and William 
R. Meckling, 1976) or because they know less 
about what the borrower will do with the funds 
(see Joseph E. Stiglitz and Andrew Weiss, 
1981; Stewart C. Myers and Nicholas S. 
Majluf, 1984). Financial development, in the 
form of better accounting and disclosure rules, 
and better corporate governance through insti- 
tutions, will reduce the wedge between the 
cost of internal and external funds and enhance 
growth, especially for firms that are most re- 
liant on external financing.” 

-= A second issue is how financial develop- 
ment takes place. Some economists take the 


? In Greenwood and Jovanovic (1990), there are no 
moral hazard or asymmetric information problems at the 
level of the entrepreneur. The intermediary simply pro- 
vides information about economywide trends that the en- 
trepreneur cannot figure out for himself, enabling the 
entrepreneur to invest his own funds more productively. 
An equivalent formulation is to distinguish between savers 
and entrepreneurs. Absent financial development, savers 
can invest directly only in safe, low-return, government- 
sponsored projects, while financial development can re- 
duce adverse selection, enabling savers to invest in risky 
(but often more productive) entrepreneurs. 













development of the financial market ag ig 
enous to the model arguing that “ie aoe 
in the extent of financial markets across <= 
tries seem to depend primarily on legis) Sa 
and government regulation” ( Bencivengs; ik K N 
Smith, 1991 p. 207). By contrast, Greeni Se 


all’’ lump-sum cost of development and; oF t 
velopment is endogenous to their framey;, 4 
From the perspective of our paper, “it “a g 
does not matter whether legal and politica 
economic forces are responsible for 
development. Our focus is on whether the 
determined level of financial ied ae 
fects growth. All we need for the stock ¢ $ 
financial development to matter even when È 


re 


not an PA (as in reputatie t. 
models of financial development sucha § 
Douglas W. Diamond, 1989). Either ass ; 
tion seems plausible. on 
If financial development cannot take gle 
at low cost and on the fly, the above theoria É i 
would suggest that the a priori existence off | x 
well-developed financial market should È £ 
proportionately improve the ex post met 
rates of industries that are technologically # 
more dependent on external funds. g 
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B. The Basic Test ee 
The most disaggregated conor 
data on growth that we have for countries’: 
at the industry level (data at the firm leveli 4 
available, is typically limited to large i 
firms). Our hypothesis is that industries: al 
are more dependent on external financing ®* -$F 
have relatively higher growth rates in Come nd 
tries that have more developed foul = 
markets. ae a 
Therefore, the dependent variable is he 
erage annual real growth rate of value a ; E 
in industry j in country k over the Pes 
1980-1990. If we can measure indust)? sa 
dependence on external finance and coUM ag; 
k’s financial development, then after ary 
ing for country and industry effects Weiz- $ 
find that the coefficient estimate for the. co 
action between dependence and develop? E 
is positive. EE o 





Pe 













E ASS a 
Tey on a 
` 


$ z = 4 

a “+ ‘ 

ig 2. mw PU tte b, > et aired z 
Pabi È PERI te irri gas 




















most effective way of correcting for 

“and industry characteristics is to use 
atene- variables, one for each country and 
etry Only additional explanatory vari- 
¥5¢ that vary both with industry and country 

# pe included. These are industry j’s share 
=cauntry kof total value added in manufac- 
sang in’ 1980 and the primary variable of in- 

scerthe interaction between industry j’s 
=acedence on external financing: and finan- 
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Constant + ;..-m' Country Indicators 


See fm+1---n' Industry Indicators 


wan course, in order to estimate the model, we 
See ScG-appropriate measures of financial devel- 
$ pment and external dependence. This is what 
Will'examine shortly. l 
éfore proceeding, we point out that our 
f Sexdy-has one important advantage over recent 
y.Se8ss-Country empirical studies of growth.” 
;Abatadvantage is simply that we make pre- 
Sus ‘about within-country differences be- 
industries based on an interaction 
Rsv need a Country and industry characteristic. 
ee ore, we can correct for country and in- 
ecu) Characteristics in ways that previous 
Seer “= Were unable to correct for, and will be 
sweet to criticism about an omitted vari- 
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se ae Roger Kormendi and Philip 
: 1985 3), Robert J. Barro (1991), Levine and 


10992), N. Gregory Mankiw et al. (1992), 
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Ii. A Measure of Dependence 
on External Finance 


A. The Proxy for Dependence 


Data on the actual use of external financing 
is typically not available. But even if it were, 
it would not be useable because it would re- 
flect the equilibrium between the demand for 
external funds and its supply. Since the latter 
is precisely what we are attempting to test for, 
this information is contaminated. Moreover, 
we are not aware of systematic studies of the 
external financing needs of different indus- ` 
tries, either cross-sectionally or over time.* 

We, therefore, have to find some other way 
of identifying an industry’s dependence on ex- 
ternal financing. We assume that there is a 
technological reason why some industries de- 
pend more on external finance than others. To 
the extent that the initial project scale, the ges- 
tation period, the cash harvest period, and the 
requirement for continuing investment differ 
substantially between industries, this is indeed 
plausible. Furthermore, we assume that these 
technological differences persist across coun- 
tries, so that we can use an industry’s depen- 
dence on external funds as identified in the 
United States as a measure of its dependence 
in other countries. While there are enormous 
differences in local conditions between coun- 
tries, all we really need is that statements of 
the following sort hold: If Pharmaceuticals re- 
quire a larger initial scale and have a higher 
gestation period before cash flows are har- 
vested than the Textile industry in the United 
States, it also requires a larger initial scale and 
has a higher gestation period in Korea. 


B. How the Proxy Is Calculated 


We start by computing the external financ- 


. ing needs of U.S. companies over the 1980’s. 


We use data from Standard and Poor’s Com- 
pustat (1994) for this. Compustat doés not 
contain, a representative sample of U.S. firms, 
because it is limited to publicly traded firms, 
which are relatively large. Nevertheless, we 


* Colin Mayer (1990) does look at external financing, 
but largely at the country level. 
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regard this as an advantage for two reasons. 
First, in a perfect capital market the supply of 
funds to firms is perfectly elastic at the proper 
risk-adjusted rate. In such a market the actual 
amount of external funds raised by a firm 
equals its desired amount. In other words, in 
such an idealized setting, the identification 
problem does not exist. But capital markets in 
the United States are. among the most ad- 
vanced in the world, and large publicly traded 
firms typically face the least frictions in ac- 
cessing finance. Thus the amount of external 
finance used by large firms in the United States 
is likely to be arelatively pure measure of their 
demand for external finance." 

A second reason for using a database on 
listed firms is that disclosure requirements im- 
ply that the data on financing are comprehen- 
sive. For most of the paper, we will take the 
amount of external finance used by U.S. firms 
in an industry as a proxy for the desired 
amount foreign firms in the same industry 
would have liked to raise had their financial 
markets been more developed. 

Next, we have to define precisely what we 
mean by external and internal finance. We are 
interested in the amount of desired investment 
that cannot be financed through internal cash 
flows generated by the same business. There- 
fore, a firm’s dependence on external finance 
İS defi ned as capital expenditures (Compustat 
# 128) minus cash flow from operations di- 
vided by capital expenditures. Cash flow from 
operations is broadly defined as the sum of 
cash flow from operations (Compustat # 110) 
plus decreases in inventories, decreases in re- 
ceivables, and increases in payables.° Note 
that this definition includes changes in the 
nonfinancial components of net working cap- 


* Even if capital markets are imperfect so that the sup- 
ply is not perfectly elastic, this methodology provides a 
reasonable measure of the relative demand for funds pro- 
vided the elasticity of the supply curve does not change 
substantially in the cross section. By contrast, in a very 
imperfect capital market, the relative amount of funds 
raised may be a function not only of the demand for funds 
but also of factors that affect supply, such as the avail- 
ability of collateral. 

This item is only defined for cash flow statements 
with format codes 1, 2, or 3. For format code 7 we con- 
a it as the sum of items # 123, 125, 126, 106, 213, 
217. 










ital as part of funds from operations; j; i > 
in certain businesses these represent, x x 
sources (or uses) of funds that help aĝ ee a 
avoid (or force it to tap) external souns- Ey 
funds,’ Fa! 3 
Similarly, the dependence on external 
uity finance is defined as the ratio oe tie 
amount of equity issues (Compustat # 108 x Y: 
nus Compustat # 115) to capital expendit 2 2 


x. Sara 
-amre 


























Finally, the investment intensity is the ratigg § by 
capital expenditure to net property Plant x E 
equipment (Compustat # 8). Te 

To make these measures comparable y wa riy 
tries, we have to choose how to agency. ft: 
these ratios over time and across co g 
We sum the firm’s use of external finances $. 
the 1980’s and then divide by the sum of Cs: a 
ital expenditure over the 1980’s to Bet: de Be! 
firm’s dependence on external finance ink $ 
1980°s. This smooths temporal fluctuaticn’ hd 
and reduces the effects of outliers. To sus:f: 
marize ratios across firms, however, we E$: 
the industry median. We do this to preva $ 
large firms from swamping the informata ¥ 
from small firms; for instance, we know ig i 
IBM's free cash flow does not alleviate pe’: 
sible cash flow shortages of small compl E 
firms. >E i 


C. External Dependence 
for Different Industries 


In Table 1 we tabulate by internation A 
dard Industrial Classification (ISIC) code® $ 
fraction of investments U.S. firms financed of 
ternally (first column) and the level of ai K 
expenditures divided by net property planta g 
equipment (second column). We restid; 
attention to those iñanufacturing industria: E 
which we have value- added data from mee 


"It could be eet that interfirm trade credit A ce N 
be viewed as a component of external financing. 7. ni ry. 
clear how much of trade credit is used to reduce * 
tions costs and how much is used for financing: -y'i 
trade credit is granted routinely and repaid mo ; 
usually net trade credit for a firm (accounts rece! w . 
payabics) is small (see Mitchell A. Petersen es a: 
1997), This may be why trade credit is typically. a 
as part of operations in capital budgeting exe’; ea 
adhere to this tradition. EPE 






























ead Nations Statistical Division (1993). 

BP oe and Pharmaceuticals emerge as the in- 
a. ‘De that uses the most external finance, with 
E -Sics and Computing following close be- 
SA. -a Tobacco, on the other hand, generates 
SMF" most excess cash flow and has negative 


eas ding needs. 
N ee wisdom in the corporate fi- 

SS Bance literature (though we were hard- 
F eressed to find formal empirical studies of 
this phenomenon) that there is a life cycle in 
"ie pattern of financing for firms; firms are 
‘more dependent on external financing early 


wea -in their life than later. Figure 1 supports the 
EE common wisdom. It plots the median ‘financ- 
apc Metre et 


3 

M+ el 

naet cs 
Aa 
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` 
ort 


a° ing and investment needs across U.S. firms as 


‘oven A a function of the number of years since the 
fe E. initial public offering (IPO). Not surpris- 
Hy: A ingly, in the year of the IPO, firms raise a 
in substantial amount of external funds (espe- 
ition 4 éially equity). More interestingly, this con- 
SIS tinues—albeit on a smaller scale—up to 
Wig approximately the tenth year. After that pe- 


t 
iz 

5 
yE 


WESE- age of external finance fluctuates around zero. 


e et T “A $ . 
viate Peay we report the external dependence and capital 
_ compi g% expenditures for mature companies (firms 
‘Smee Eat were listed for more than ten years), 
nR while the fifth and sixth columns are for 


a 
r 


S 

7 » 

3 f - 
- as 


: E- young companies (firms that were listed for 
PAA less than ten years). This pattern appears to 
R= be fairly standard across different industries, 
Te e though there are exceptions. All this suggests 

$ that very young firms are more dependent on 
vaefiternal finance than older firms. This fact 
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i * 
Rielle, 


ae will + . ead 
fe a wall provide an additional test of our 
S $ Eypothesis, 

ARG TKG, . 


: D. Is the Dependence of U.S. Firms 
$ a Good Proxy? 


i: 
t 

Pida F 
K, 


-S. firms on external finance being a good 
y for the demand for external funds in 


- 
Pett 
i 


ak ay required that there be more than one observation 

| Se ok for this variable to be computed. Even with 

is Sew ment we do not have data for some in- 

Se wer UOtably there are insufficient young firms 
on industry, 


#4 Much of our analysis rests “on dependence” ` 
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other countries. We think this is reasonable for 
four reasons. 

First, in a steady-state equilibrium there will 
not be much need for external funds, as Figure 
1 shows. Therefore, much of the demand for 
external funds is likely to arise.as a result of 
technological shocks that raise an industry’s 
investment opportunities beyond what internal 
funds can support. To the extent these shocks 
are worldwide, the need for funds of U.S. firms 
represents a good proxy.” _ 

Second, even if the new investment oppor- 
tunities generated by these worldwide shocks 
differ across countries, the amount of cash 
flow produced by existing firms in a certain 
industry is likely to be similar across countries. 
In fact, most of the determinants of ratio of 
cash flow to capital are likely to be similar 
worldwide: the level of demand for a certain 
product, its stage in the life cycle, and its cash 
harvest period. For this reason, we make sure 
that our results hold even when we use the 
amount of internally generated cash, rather 
than the difference between investments and 
internally generated funds. We also check that 
the results hold when we use dependence as 
measured in Canada, a country which has 
well-developed capital markets but a very dif- 
ferent banking system and industry 
concentration than the United States. Unfor- 
tunately, we do not have access to flow-of- 
funds data from any other countries, so we 
cannot venture further afield, but this meth- 
odology could, in principle, be used with de- 
pendence measured in any country with 
well-functioning capital markets. 

Third, one might argue that the stage of the 
product life cycle that U.S. firms are in is 
likely to be different from that of foreign firms. 
Given that our sample is biased toward devel- 
oping countries, one might think that the U.S. 
industry in the 1970’s might be a better proxy 


for-the position of developing countries in a. 


product life cycle. For this reason, we also ex- 
plore the robustness of our results to measuring 


? This amounts to saying that if the invention of per- 
sonal computers increased the demand for external funds 
in the U.S. Computer industry, it is likely to increase the 
need for funds in the Computer industry in other countries 
as well. 
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TABLE I—PATTERN OF EXTERNAL FINANCING AND INVESTMENT ACROSS INDUSTRIES 
IN THE UNITED STATES DURING THE 1980's 


All companies Mature companies Young companis® > 






PÉ 


ISIC External Capital External Capital External Coat n 
code Industrial sectors dependence expenditures dependence expenditures dependence expendi E : : : 
314 Tobacco —0.45 0.23 —0.38 0.24 — = EE i : 
361 Pottery ~0.15 0.20 0.16 0.41 -0.41 T 3] 
323 Leather ~0.14 G ~133 0.27 “1.53 TE E 
3211 Spinning —0.09 0.16 —0.04 0.19 = _ id 
324 Footwear —0.08 0.25 ~0.57 0.23 0.65 02624 i 
372 Nonferrous metal 0.01 0.22 0.07 0.21 0.46 i 
322 Apparel 0.03 0.31 —0.02 0.27 0.27 ; 5 
353 Petroleum refineries 0.04 0.22 -0.02 0.22 0.85 028 hey 
369 Nonmetal products 0.06 0.21 0.15 0.22 —0.03 0.26: A 
313 Beverages 0.08 0.26 -0.15 0.28 0.63 k 
371 Iron and steel 0.09 0.18 0.09 0.16 0.26 0.19% i 
311 Food products 0.14 0.26 -0.05 0.25 0.66 033.5 $2 
3411 Pulp, paper 0.15 0.20 0.13 0.21 0.22 0.20 > 
3513 Synthetic resins 0.16 0.30 —0.23 0.20 0.79 T 
341 Paper and products 0.18 0.24 0.10 0.23 0.57 T i 
342 Printing and publishing 0.20 0.39 0.14 0.33 0.60 oai Bh 
352 Other chemicals 0.22 0.31 —0.18 0.25 1.35 046. a 
355 Rubber products 0.23 0.28 —0.12 0.21 0.50 {l 
332 Furniture 0.24 0.25 0.33 0.17 0.68 a 
381 Metal products 0.24 0.29 0.04 0.25 0.87 A 
3511 Basic excluding fertilizers 0.25 0.30 0.08 0.24 0.79 A 
331 Wood products 0.28 0.26 0.25 0.23 0.34 : 
384 Transportation equipment 0.31 0.31 0.16 0.28 0.58 

354 Petroleum and coal 0.33 0.23 0.16 0.26 —0.26 

products 

3843 Motor vehicle 0.39 0.32 0.11 0.33 0.76 

321 Textile 0.40 0.25 0.14 0.24 0.66 

382 Machinery 0.45 0.29 0.22 0.25 0.75 

3841 Ship 0.46 0.43 0.04 0.34 1.05 
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TABLE 1—Continued. 


Mature companies Young companies 


External Capital External | Capital External Capital 
Industrial sectors dependence expenditures dependence expenditures dependence expenditures 
sre 0.47 0.37 ~0.05 0.28 0.80 0.49 
Saas 0.53 0.28 0.03 0.28 1.52 0.33 
oe eae 0.77 0.38 0.23 0.29 1.22 0.46 
Si fessional goods 0.96 0.45 0.19 0.33 1.63 0.52 
Sodio 1.04 0.42 0.39 0.30 1.35 0.48 
i and computing 1.06 0.60 0.26 0.38 1.16 0.64 
na inic odidi 1.14 0.44 = = 1.14 0.48 
33 TA 1.49 0.44 0.03 0.32 2.06 0.47 
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Thig table reports the median level of extemal financing and capital expenditure for ISIC industries during the 
s. Extemal dependence is the fraction of capital expenditures not financed with cash flow from operations. Cash 
d<@ from operations is broadly defined as the sum of Compustat funds from operations (item #110), decreases in 
E- < entagies, decreases in receivables, and increases in payables. Capital expenditures are the ratio of capital expenditures 

l af property plan and equipment. Mature companies are firms that have been public for at least ten years; correspond- 


“CARES ziy, young companies are firms that went public less than ten years ago. The year of going public is the first year in 
03, E iih a company starts to be traded on the NYSE, AMEX, or NASDAQ. All companies is the union of mature and 

a a sag firms plus firms for which the year of going public could not be determined (firms already traded on NASDAQ 
Be RE -a 1912) All the information is obtained from the flow-of-funds data in Compustat, except for the SIC code which is 
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dependence of U.S. firms in the 1970’s 


$ 
Fs 
EEY 


oa. Ween ‘dependence as measured for young 
+, Gri United States (less than ten years 


AAS 


ma isting) and dependence for old firms 


;-Seasure of the need for funds creates a bias 
& zist finding any interaction between depen- 
; | d financial development. 


HI. Data 


zma Ob Value added and gross fixed capital 
ee manon for each industry in each country are 
: ate the Industrial Statistics Year- 
eee 48€ put together by the United 
‘Statistical Division (1993). We 
the data for inconsistencies, changes 
cahon of sectors, and changes in 
MN. data is classified by Interna- 


>, 


E sézaaued from the Center for Research on Securities Prices and then matched with the ISIC code. 


tional SIC code. In order to obtain the amount 
of external finance used by the industry in the 
United States, we matched ISIC codes with 
SIC codes.'° Typically, the three-digit ISIC 
codes correspond to two-digit SIC codes, 
while the four-digit ISIC codes correspond to 
three-digit SIC codes. In order to reduce the 
dependence on country-specific factors like 
natural resources, we confine our analysis to 
manufacturing firms (U.S. SIC 2000-3999). 

We would like data on as many countries as 
possible. The binding constraint is the avail- 
ability of measures of financial .development 
(specifically the availability of data on 


an + ra 


© Not all the ISIC sectors for which the Industrial Sta- 
tistics Yearbook reports data on value added are mutually 
exclusive. For example, Drugs (3522) is a subsector of 
other Chemicals (352). In these cases, the values of the 
broader sectors are net of the values of the subsectors that 
are separately reported. We follow this convention both 
for the data value added and for the financial data from 
Compustat. 
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# years since the IPO a 
External Finance p- Investments . 


F- Equity Financing 


FIGURE 1. LIFE CYCLE OF EXTERNAL FINANCING AND INVESTMENTS 


Notes: This graph plots the median level of external financing, equity financing, and investments in the United Sue È 
across three-digit SIC industries as a function of the number of years since the IPO. External finance is the amount. 
capital expenditures not financed with cash flow from operations, reduction in inventories, or decreases in trade crt} 
Equity finance is the net amount of funds raised through equity issues divided by the amount of investments. Investi, 
is the ratio of capital expenditures to net property, plant, and equipment. The IPO year is defined as the first year in 
a company starts to be traded on the NYSE, AMEX, or NASDAQ. All the information is obtained from the. be 

of-funds data in Compustat, except for the SIC code which is from the Center for Research on Securities Prices. ` 


accounting standards). Since we also wanted 
data on equity market capitalization, we 
started with the 55 countries from the Inter- 
national Finance Corporation’s (IFC’s) 
Emerging Stock Markets Factbook. We 
dropped countries like Kuwait that did not re- 
port a stock market capitalization until the lat- 
ter half of the 1980’s. We could not use Hong 
Kong and Taiwan because data on these coun- 
tries are not present in the International Money 
Fund’s (IMF’s) International Financial Sta- 
tistics (IFS ) volumes. We also dropped coun- 
tries for which we did not have data from the 
Industrial Statistics Yearbook database that is 
separated by at least five years (notably, Swit- 
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zerland). Finally, Thailand is dropped Œ H E 
cause the U.N. notes that data from yest a 
year are not comparable. The United sta) . 
excluded from the analysis because it i$% $ 
benchmark. This leaves us with the 41 coe “oo 
tries in Table 2. SEE 3 
We want to see if financially dependent x 
dustries are likely to be better off in c0 out Si 
with well-developed financial ee 


. availability of finance affects not just ae E3 


ment but also the ability to finance op ("Sam 
and sales through working capital. Theres oo 
the most appropriate measure of an nt ry i 
being ‘‘better off’’ is the growth in 
added for that industry, i.e., the chang pA 



















a Teal value added in that industry be- 
l SE g0 and 1990. Real value added in 
ie e ptained by deflating value added by 
3 se ticer Price Index (PPI). For high- 
yx, countries, spurious differences in 
y= added may be obtained simply because 
et N. data are measured at a different point 


ae -ve deflator by dividing the growth in 
| value added for the entire manufac- 
s<-seector in the U.N. database by the index 
Ziusttial production (which measures the 
3 Sowth rate in industrial production) ob- 
I 54.44 from the IFS statistics. 
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> B. Data on Countries 


a ‘The Gross Domestic Product, the Producer 
My Brice Index, the exchange rate, and the Index 


0 Ee nom 


f industrial Production are all obtained from 


‘gat ternational Financial Statistics published by 
Wear $ International Monetary Fund. Whenever a 
Smee sasticular series is not available, we use close 
tage -sebatitutes—for instance, the Wholesale Price 
(SRE fedex If the Producer Price Index is not avail- 
nts. =k.: Data on a country’s human capital (av- 
stam tagg years of schooling in population over 
“gag: 23) 13 obtained from the Barro-Lee files down- 
$ ceded from the National Bureau of Economic 
“tae Seecarch web site (see Barro and Jong Wha 
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mestic credit plus stock market capitalization 
to GDP. We call this the capitalization ratio. 
We obtain stock market capitalization for all 
countries listed in the Emerging Stock Markets 
Factbook published by the International Fi- 
nance Corporation, which contains data on de- 
veloped countries also.'! Domestic credit is 
obtained from the IMF’s International Finan- 
cial Statistics. Specifically, it is the sum of IFS 
lines 32a through 32f and excluding 32e. Fi- 
nally, domestic credit allocated to the private 
sector is IFS line 32d. 

Despite the virtue of tradition, there are con- 
cerns with this measure. Unlike domestic 
credit, stock market capitalization does not re- 
flect the amount of funding actually obtained 
by issuers. Instead, it reflects a composite of 
retained earnings, the investing public’s per- 
ception of the corporate sector’s growth pros- 
pects, and actual equity issuances. One could 
argue that the amount of money raised through 
initial public offerings and secondary offer- 
ings is more suitable for our purpose. Unfor- 
tunately, these data are not widely available. 
At the same time, one cannot dismiss the cap- 
italization measure in favor of actual financing 
too easily. The net amount raised from U.S. 
equity markets by large firms was negative in 
the 1980’s (see, for example, Rajan and 
Zingales, 1995). So the actual amount raised 
may underestimate the importance of the stock 
market’s role in providing price information 
and liquidity to investors. Market capitaliza- 
tion may be a better measure of the importance 
of the stock market in this respect. Since we 
are unsure about whether market capitalization 
is a reasonable proxy, we will check that the 
results are robust to redefining the capitaliza- 
tion ratio as the ratio of domestic credit to the 
private sector to GDP. 

The second proxy for financial development 
we use is the accounting standards in a coun- 
try. Unlike .qur first measure, accounting 


l! Stock market capitalization is measured at the end of 
the earliest year in the 1980’s for which it is available, 
while Gross Domestic Product may value flows through the 
year. This may be a problem in high-inflation countries. We 
therefore measure GDP as the GDP in constant prices mul- 
tiplied by the Producer Price Index where the base year for 
both series is five years before the year of interest. 
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TABLE 2—FINANCIAL DEVELOPMENT ACROSS COUNTRIES 





Accounting Total capitalization Domestic credit to 
Country standards over GDP private sector over GDP 
Bangladesh — 0.20 0.07 
Kenya : — 0.28 0.20 
Morocco i — 0.41 0.16 
Sri Lanka = 0.44 021 
| Pakistan — 0.53 0.25 
Costa Rica — 0.53 0.26 
Zimbabwe -— 1.01 0.30 
Jordan — 1.16 0.54 
Egypt 24 0.74 0.21 
Portugal 36 0.82 0.52 
Peru 38 0.28 0.11 
Venezuela 40 0.34 0.30 
Colombia 50 0.21 0.14 
igp Turkey 5] 0.35 0.14 
Chile 52 0.74 0.36 
Brazil 54 0.33 0.23 
Austria 54 1.00 0.77 ae 
Greece 55 0.74 0.44 : ' 2 
India 57 0.50 0.24 : 
* Mexico 60 0.39 0.16 
Belgium 61 0.65 0.29 
Denmark 62 0.56 0.42 
Germany 62 1.08 . 0.78 
Italy 62 0.98 0.42 
Korea 62 0.63 0.50 
Netherlands 64 0.91 0.60 
Spain 64 1.02 0.76 
Israel 64 1.18 0.67 
Philippines 65 0.46 0.28 


Japan 65 1.31 0.86 





Accounting Total capitalization 
standards over GDP 
69 0.70 
70 0.59 
70 1.51 
74 0.63 
SS: ss ote 
a 15 0.82 
76 1.19 
17 0.52 
— 78 0.78 
78 1.96 
TEA ia 83 0.79 
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TABLE 2—-Continued. 


Domestic credit to 


| Per capita 
private sector over GDP 


income (dollars) 


0.54 11,337 
0.19 7,490 
0.26 2,899 
0.34 13,430 
0.45 10,486 
0.28 9,866 
0.48 1,683 
0.48 10,181 
0.25 9,600 
0.57 4,661 
0.42 14,368 ` 


a REE aE aa On a ee 
oe: ee Accounting standards is an index developed by the Center for International Financial Analysis and Research 
V Saas the amount of disclosure in annual company reports in each country. Total capitalization to GDP is the ratio of 
‘et sum af equity market capitalization (as reported by the IFC) and domestic credit (IFS lines 32a—32f but not 32e) to 
EDP. Domestic credit to the private sector is IFS line 32d. Per capita income in 1980 is in dollars and is from the IFS. 


time. In 1995, the CIFAR published a study 
examining how accounting standards had 
changed since 1983. This study estimated the 
standards in 1983 and 1990 based on a subset 
of annual reports, and for a subset of countries 
that are in the comprehensive 1990 survey. 
The study finds the mean accounting standards 
for countries sampled both in 1983 and 1990 
is the same at 65. The Wilcoxon signed rank 
test for equality of distributions fails to reject 
the equality of the distribution of accounting 
standards across countries in the two years. Fi- 
nally, the correlation between the accounting 
standards in 1983 and 1990 is 0.75.'* Never- 
theless, we will instrument accounting stan- 
dards with variables that predate the period of 
growth at which we are looking. Also, we will 
use the 1983 data to see that the results hold 


'2 The regression estimates are not sensitive to drop- 
ping the few countries such as Denmark and Spain that 
changed accounting standards substantially. 
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TABLE 3—-SUMMARY STATISTICS 


A: Summary Statistics 








Variable Mean Median deviation Minimum Maximum observite of 
Industry’s real growth 0.034 0.029 0.099  —0.447 1.000 aN 

Industry’s growth in number of firms 0.012 0.007 0.071 —0.414 0.759 | wit | S 
Industry’s growth in average firms’ size 0.022 0.026 0.094 —0.536 0.410 re 
Industry's share of total value added 0.016 0.009 0021 000 0.224 gy = a 
Log per capita income in 1980 in dollars 7.870 7.971 1.344 4.793 9.573 aoe 
Average years of schooling 5.900 5.442 2829 1.681 12.141 fee's 
External finance dependence (all firms) 0.319 0.231 0.319 —0.451 1.492 a fe 
External finance dependence (old firms) 0.010 0.075 0.302 — 1.330 0.394 4 s 4 
External finance dependence (young firms) 0.675 0.673 0.643 — 1.535 2.058 f i 
External finance dependence (1970's) 0.078 0.073 0.188 —-0450 0.542 ‘a ae 
External finance dependence (Canadian firms) 0.427 0.384 0.767 —0.802 3.512 2 ; ae 
Cash flow generated 0.173 0.198 0.112  —0.217 | 0.331 ie ig 
Investment intensity 0.298 0.278 0.095 0.161 0.600 i. 1 F 
Total capitalization over GDP 0.738 0.696 0.375 0.199 1.962 "A 4G 
Domestic credit to private sector over GDP 0.377 0.302 0.201 0.069 0.856 M a 
Accounting standards 61.324 62.000 13.238 24.000 83.000 M | a 
Accounting standards (1983) 65.393 68.500 11.426 ° 39.000 81.000 E, 3 


B: Correlation Between Measures of External Dependence 


All Old Young 1970's 
External finance dependence (all firms) 1.00 — — — 
External finance dependence (old firms) 0.46 1.00 — — 
(0.01) — 
External finance dependence (young firms) 0.72 0.48 1.00 — 


(0.00) (0.00) — 


External finance dependence (1970’°s) 0.63 0.42 0.48 1.00 
(0.00) (0.01) (0.00) — 


a `. M m” we p ~“ a 
e F 
on Ar + 
Me 
F , P 
a P: P 
ťi r > 


Cash flow generated —0.91 —0.37 —0.55 —0.50 
(0.00) (0.03) (0.00) (0.00) 


. 
+ M 
d p“ 
“AT 
Taa 
4 


Investment intensity 0.81 0.28 0.64 0.63 
(0.00) (0.10) (0.00) (0.00) 
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TABLE 3—Continued. 


C: Correlation Between Measures of Financial Development 


Total Market Domestic credit Accounting Accounting 
> capitalization capitalization to private sector standards standards 1983 
Neti italization over GDP 0.79 — — — 
E F or i tor 0.67 1.00 — — 
E- c credit to private sec 
: ay ra GDP (0.00) (0.18) —- 
ME ae 
te F a “oats tin standards 0.41 0.25 1.00 — 
a (0.02) (0.01) (0.17) = 
ise: f H : 
RoR: HEN e = 
SORE: 2 -gunting standards (1983) 0.27 0.14 0.68 1.00 
a. ee (0.17) (0.05) (0.50) (0.00) = 
#62 Scr capita income 0.26 0.48 0.56 0.28 
‘oe (0.09) (0.80) (0.00) (0.00) (0.16) 
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Saai Industry real growth is the annual compounded growth rate in real value added for the period 1980—1990 for each 
; Bic industry in each country. The growth in the number of firms is the difference between the log of number of ending- 
getiod firms and the log of number of beginning-period firms. The average size of firms in the industry is obtained by 


or riding the value added in the industry by the number of firms, and the growth in average size is obtained again as a 





TE: &itetence in logs. The industry’s share of total value added is computed dividing the 1980 value added of the industry 


es k E iy the total value added in manufacturing that year. External dependence is the median fraction of capital expenditures 
iR: Rt Gaanced with cash flow from operations for each industry. Cash flow from operations is broadly defined as the sum 
ingame. af Compustat funds from operations (items #110), decreases in inventories, decreases in receivables, and increases in 






ables. External dependence has been constructed using Compustat firms between 1980 and 1990, except for Canada 


ZAN R. wkete we use Global Vantage (Standard & Poor's, 1993) data between 1982 and 1990. Accounting standards is an index 
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é subset of countries for which it is 
Ber F -Both our measures of financial development, 


a tagt Š 7 : = 
M cvg standards and the capitalization 
tM Sa : 
ae j (Se Table 2). While more-developed coun- 
ee, i have better accounting standards, there 
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ieee E2CXCeptions. For instance, Malaysia 


ae Pattee high as Australia or Canada, while 
Sms 10m and Germany are in the same 
aise 


T A soe ues Korea, the Philippines, or Mexico. 
ae “See Se vias among the worst accounting 


«I 


gs2- Oly if world capital markets are 
8 Syn), tegrated can domestic financial 
‘ese oe affect a country’s growth. There 


ani z . . 
p =9,-are tabulated for the different countries - 


= veloped by the Center for International Financial Analysis and Research ranking the amount of disclosure of companies’ 
€ Seagal reports in each country. In Panels B and C the p-values are reported in parentheses. 


is a wealth of evidence documenting the ex- 
istence of frictions in international capital mar- 
kets: the extremely high correlation between a 
country’s savings and its investments (Martin 
Feldstein and Charles Horioka, 1980), the 
strong home bias in portfolio investments 
(Kenneth R. French and James M. Poterba, 
1991), and cross-country differences in ex- 
pected returns (Geert Bekaert and Cambell R. 
Harvey, 1995). We have little else to say 
about this assumption.other than noting that its 
failure would weaken the power of our test but 
not necessarily bias our findings. 

Summary statistics and correlations are in 
Table 3. A number of correlations are note- 
worthy. First, the financial sector is more de- 
veloped in richer countries. The correlation of 
per capita income in 1980 with accounting 
standards and total capitalization is 0.56 and 
0.26 (significant at the l-percent and 10- 
percent level, respectively). 


574 THE AMERICAN ECONOMIC REVIEW 


Second, the correlation between our capi- 
talization measure of financial development 
and accounting standards is 0.41 (significant 
at the 5-percent level for the 33 countries for 
which we have both data). However, the cor- 
relations between accounting standards and 


the components of capitalization differ. Ac-, 


counting standards are strongly correlated with 
equity market capitalization (correlation = 
0.45, significant at the 1-percent level) but not 
with domestic credit (correlation = 0.25, not 
significant). Domestic credit is credit offered 
by depository institutions and the central bank. 
One explanation of the low correlation is per- 
haps that institutions rely on their own private 
investigations, and credit from them is little 
affected by accounting standards. Another 
possible explanation is that when accounting 
Standards are low, only institutions offer 
credit. But even though institutions benefit 
from improvements in accounting standards, 
other sources of finance become available, and 
firms substitute away from their traditional 
sources. We cannot distinguish between these 
explanations. It will suffice for our purpose 
that the overall availability of finance, what- 
ever its source, increases with financial 
development. 


IV. Financial Dependence and Growth 
A. Results From the Basic Regression 


1. Varying Measures of Financial Devel- 
opment. — Table 4 reports the estimates of our 
basic specification (1) obtained by using var- 
ious measures of financial development. Since 
the specification controls for country-specific 
effects and industry-specific effects, the only 
effects that are identified are those relative to 
variables that vary both cross countries and 
cross industries. Thus, Table 4 reports only the 
coefficient of the industry’s share of total 
value added at the beginning of the sample and 
the coefficient of the interaction between ex- 
ternal dependence and different measures of 


financial development." Since we use U.S. 


' The dependent variable is the average real growth 
rate over the period 1980—1990. For some countries, how- 


+s, 
mr 





data to identify the external dependence,’ | 
drop the United States in all regressions 3:7" 
We start with total capitalization 25 i! 
proxy for development. As can be seep ; in the 
first column of Table 4, the coefficient ¢ ech 
mate for the interaction term is positive iv 
statistically significant at the 1-percept lea: 
(throughout the paper, the reported Sanda 
errors are robust to heteroskedasticity) ,'* ’ 
The interaction term is akin to a second 
rivative. One way to get a sense of its 
nitude is as follows. The industry at the Ke 
percentile of dependence (high dependerg; | 
is Machinery. The industry at the 25th percè 
tile (low dependence ) is Beverages. The coy { 
try at the 75th percentile of developmen g? 
measured by capitalization is Italy, while tz} 
country at the 25th percentile is the Philp 
pines. We set the industry’s initial share ay 
manufacturing at its overall mean. The co% j 
ficient estimate then predicts that Maching § 
should grow 1.3 percent faster than Beverap r 
annually, and in real terms, in Italy as cos § 
pared to the Philippines. For comparison, ú 3 
real annual growth rate is, on average, 3.4 pi f 
cent per year. So a differential of 1.3 pena 1 
is a large number. “4 
For each specification, we compute a simis $ 
number which is reported as the differentiale $ 
real growth rate in the last row of each od | | 
Of course, the countries at the 75th and 
percentile vary with the measure of idt f 
ment, as do the industries at the 75th and Ht £ 
percentile with the measure of dependent: 
The rest of the columns of the table a 
different measures of development. Wes oF 
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g 4 s 
E; 
ever, data availability limits the period. For no count EN p : 
we have data separated by less than five years. A po 
concern is that we measure growth in value added Oe AK 
than growth in output. Unfortunately, we do not hart ae 
for the latter. While we may not capture increases oe 3 
ductivity fully, we see no obvious way in wit pa? ; 
should bias our results. ie i 

4 We reduce the impact of outliers by con Ft 
growth between —1 and +1. Three observatio ons $ _ 
fected. The coefficient estimates for the = “Aq 
ficient are higher and still significant when we 2 
this, though the explanatory power of the re 
lower. We also reestimate the same specification Ë i rd o 
sorizing the 1-percent and 5-percent tails of the è; pr 
rate distribution obtaining virtually identical res% yy SA 
cept that the explanatory power of the regression ar: 
higher). a 
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TABLE 4—INDUSTRY GROWTH AND VARIOUS MEASURES OF DEVELOPMENT 


Financial development measured as 





Accounting Accounting 
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> Total Bank Accounting standards standards and Instrumental 
sisar capitalization debt standards in 1983 capitalization variables 
E are of total value —0.912  —0.899 -0.643 ~0.587 —0.443 —0.648 
SY, manufacturing in (0.246) (0.245) (0.204) (0.223) (0.135) (0.203) 
= | 0.069 — — = 0.012 — 
ee a (0.023) (0.014) 
on) 
ee Hale tion (external on oe 0.118 x — — —7 
ie pendence X domestic (0.037) 
st {0 private sector) 
ie (external = = 0.155 — 0.133 0.165 
ence X accounting (0.034) (0.034) (0.044) 
Aetio r (external = — _- 0.099 es 
ependence X accounting (0.036) 
wandards 1983) 
BES 0.290 0.290 0.346 0.239 0.419 0.346 
4 OME Sirer of observations 1217 1217 1067 855 1042 1067 
Mime. Ekteenia in real growth 1.3 1.1 0.9 0.4 ‘a 1.0 
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bait: : Maen The dependent variable is the annual compounded growth rate in real value added for the period 1980—1990 for 
ch ta ‘eex ISIC industry in each country. External dependence is the fraction of capital expenditures not financed with internal 
dee for U.S. firms in the same industry between 1980—1990. The interaction variable is the product of external depen- 


a pears aid fina ncial development. Financial development is total capitalization in the first column, domestic credit to the 
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In the fifth column, we include both total 
capitalization and accounting standards. The 
coefficient for total capitalization is no longer 
different from zero and its magnitude falls to 
one-fifth of its level in the first column. Similar 
results are obtained when we replace total cap- 
ee by domestic credit to the private 

ector (coefficients nòt reported). This sug- 
ne that accounting’ standards capture the in- 
formation about development that is contained 
in the capitalization measures. For this reason, 
we will use accounting standards as our mea- 
sure of development in the rest of the paper. 
The reader should be assured, however, that 
the results are qualitatively similar when cap- 
italization measures of development are used. 


Because of potential concerns about endo- 


geneity, we will, however, instrument 
accounting standards with predetermined in- 
stitutional variables. Rafael La Porta et al. 
(1996) suggest that the origin of a country’s 
legal system has an effect on the development 
of a domestic capital market and on the nature 
of the accounting system. Countries colonized 
- by the British, in particular, tend to have so- 
- phisticated accounting standards while coun- 
tries influenced by the French tend to have 
poor standards. This suggests using the colo- 
nial origin of a country’s legal system (indi- 
caitors for whether it is British, French, 
German, or Scandinavian) as reported in La 
Porta et al. as one instrument. Also, countries 
differ in the extent to which laws are enforced. 
Sc we use an index for the efficiency and in- 
tegrity of the legal system produced by Busi- 
ness International Corporation (a country-risk 
rating agency) as another instrument. As the 
sixth column of Table 4 shows, the fundamen- 
tal interaction becomes even stronger in mag- 
nitude when we estimate it using instrumental 
variables. 

Before going further, consider the actual 
(rather than estimated) effects of development 
on the growth of specific industries. In Table 
5, we summarize for the three least-dependent 
and three most-dependent industries, the resid- 
ual growth rate obtained after partialling out 
industry and country effects. The pattern is re- 
markable. For countries below the median in 
accounting standards, the residual growth rate 
of the three least-dependent industries is pos- 
itive, while the residual growth rate of the 
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2. Varying Measures of Dependence an 
now check that our measure of dependen $ 
indeed, reasonable. We do this in two hig 
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is related to the external dependence of iE A44 
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ization. We calculate the weighted “= P9 
dependence for each country by mul 
an industry’s dependence on externa! <-> BME 7 
by the fraction that the industry cont" 4 E R 
value added in the manufacturing sot E 
1980. We then regress total — re iF N 


pa 




























7 weighted average dependence for the 
E W ntries in the sample. Weighted average 
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‘amet @id of the one estimated in Table 4). In part, 
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Ove eH We take this into account (see last row 
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from the pattern in the 1970’s, it would be un- 
reasonable to expect dependence to carry any 
information for other countries (especially de- 
veloping countries that may use older technol- 
ogies). The raw correlation between an 
industry’s demand for external financing in the 
1980’s and its demand in the 1970’s is 0.63. 
The coefficient estimate when dependence is 
measured by the demand for external financing 
in the 1970’s is statistically significant, and the 
estimated differential growth rate is 0.9 percent. 

Finally, it may be that our results derive 
from the peculiarities of the United States over 
the 1980’s. Our method should work so long 
as we measure dependence in a country where 
financial constraints are thought to be small 
(so that we measure demand not supply ). The 
only other country we have detailed data on 
flow of funds for is Canada. Canada is very 
different from the United States along impor- 
tant dimensions. Its banking system 1s more 
concentrated as is corporate ownership, and 
the composition of its industries is different. 
Nevertheless, the correlation between depen- 
dence measured in the United States and de- 
pendence measured in Canada is 0.77. As the 
third column of Table 7 shows, the coefficient 
estimate when dependence is measured using 
Canadian data is highly significant. What is 
especially interesting both in this table and 
Table 4 is that the economic magnitude of the 
interaction effect is generally similar despite 
variation in the measure of dependence and 
development used. 


V. Other Tests 
A. Decomposition of Sources of Growth 


An industry can grow because new estab- 
lishments are added to the industry or because 
existing establishments grow in size. The U.N. 
database also reports the number of establish- 
ments in an industry.'’ In our sample, it turns 


'’ An establishment is defined as a ‘‘unit which en- 
gages, under a single ownership or control, in one, or pre- 
dominantly one, kind of activity at a single location.”’ 
(Industrial Statistics Yearbook p. 4). This definition may 
not coincide with the legal boundaries of the firm, but is 
the only one available for such a large cross section of 
countries. 
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TABLE 6—INDUSTRY GROWTH AND VARIOUS MEASURES OF DEVELOPMENT 
USING EXTERNAL DEPENDENCE MEASURED FOR YOUNG FIRMS 


Financial development measured as 


Accounting Accounting 













i -Total Bank Accounting standards standardsand  Insmi -2 ane 
Variable capitalization debt standards in 1983 capitalization . es pos ai 
“= Industry’s share of total value —0.911 —0.904 0.568 —0.616 > —0.293 y 
added in manufacturing in (0.287) (0. a) (0.234) (0.252) (0.149) OF, 
1980 seed mes ee Beck g i se 
Interaction (external 0.021 — = - —0.004 k 
dependence X total (0.012) (0.008) ee 
capitalization) | ere 
Interaction (external — 0.034 — me —— Pree 
dependence X domestic (0.019) í ai The 
credit to private sector) esr eC , 
Interaction (external — — 0.046 — 0.045 ) i í l op ‘vas 
dependence X accounting (0.021) (0.022) (0.025) IF es 
standards) EER N. 
Interaction (external = — a 0.038 = | 
dependence X accounting (0.019) E i AA 
standards 1983) EAT toe 
R? 0.283 0.283 0.341 0.236 0.415 A ie 
Number of observations 1150 1150 1008 808 984 E gi 7 
Differential in real growth rate 0.6 0.5 0.4 0.2 0.1 “ey: 
rf 


Notes: The dependent variable is the annual compounded growth rate in real value added for the period 1980- isi ar 
each ISIC industry in each country. External dependence is the fraction of capital expenditures not financed with ines aria 
funds between 1980—1990 for U.S. firms which went public in the previous ten years belonging to the same inga H k 
The interaction variable is the product of external dependence and financial development. Financial development ist wf 
capitalization in the first column, domestic credit to the private sector over GDP in the second column, accost Silas 
standards in 1990 in the third column, and accounting standards in 1983 in the fourth column. The sixth colui i ee 
estimated with instrumental variables. Both the coefficient estimate for the interaction term and the standard gine Lid ’ Aah. 
accounting stahdards is the measure of development are multiplied by 100. The differential in real growth rate mei P 
(in percentage terms) how much faster an industry at the 75th percentile level of external dependence grows with thie “ft 
1o an industry at the 25th percentile level when it is located in a country at the 75th percentile of financial develo: $ 
rather than in one at the 25th percentile. All regressions include both country and industry fixed effects (cori 
estimates not reported). Heteroskedasticity robust standard errors are reported in parentheses. +e 


out that two-thirds of the growth is spurred by establishments, and the growth in avert ef cs “3 
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an increase in the average size of establish- is obtained again as a difference in logs 3, 
ments, while the remaining third is accounted Although the definition of establist gag 
for by an increase in the number of establish- provided by the Industrial Statistics Yea Meg 
ments. The growth in the number of estab- does not coincide with the legal definite 
lishments is the log of the number of a firm, there are three reasons why it sil 
ending-period establishments less the log of esting to decompose the effect of T 

the number of establishments in the beginning velopment in its effect on the gro 
of period. The average size of establishments number of establishments and gro oa 
in the industry is obtained by dividing the size of the existing establishments. ri ot ils 
value added in the industry by the number of this statistic is often compiled by 4° x a a 
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TABLE 7—-INDUSTRY GROWTH AND VARIOUS MEASURES OF EXTERNAL DEPENDENCE 
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M S =, manufacturing in 1980 (0.204) (0.205) (0.235) 
Me son (extemal dependence x 0.253 0.315 0.065 
eating standards) (0.063) (0.127) (0.023) 
ee 0.336 0.334 0.343 
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7 z ferential in real gro 
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UNR |: skile data on Canadian industries are dropped. The differential in real growth rate measures (in percentage terms) how 
GaN cich faster an industry at the 75th percentile level of external dependence grows with respect to an industry at the 25th 
= oe x percentile level when it is located in a country at the 75th percentile of financial development rather than in one at the 
Ee.. ed percentile. All regressions are estimated using instrumental variables and include both country and industry fixed 
eae. recta (coefficient estimates not reported). Heteroskedasticity robust standard errors are reported in parenthesis. 
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‘gee. body in a country from the one that produces the growth in the number of establishments. 
antl BE Value-added data, this test provides an in- More important, the differential in growth rate 
& sspendent check on our results.’ Second, the suggested by the estimate is twice as large in 
Ftreatton of new establishments is more likely the second column (the regression with 


aa 5 © require external funds, while the expansion growth in numbers as the dependent variable) 
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tee “i existing establishments can also use internal as in the first column (the regression with 
k02. Thus, the effect of financial develop- growth in average size as the dependent 
$ Sent ahould be more pronounced for the first variable). 
Re Ben for the second. Finally, the growth in the This finding that the development of finan- 
deve S&tbet-of establishments is more likely to be cial markets has a disproportional impact on 
a O EE eeiated by new firms than th th in th th th of tablishments 1 ges- 
acts (CO = of. y nev an the growth in the he growth of new establishments 1s sugges 
‘a. + ue existing establishments. Thus, the tive. Financial development could indirectly 
Suit in the number of establishments should influence growth by allowing new ideas to de- 
f= a Sensitive to the external dependence velop and challenge existing ones, much as 
aoa, Sg young firms in the United Schumpeter argued. 
oe eae mm o Recall that in the previous section, we found 
~H'estimate the basic regression with that the dependence of young firms was of 
as an number of establishments and lower importance (both statistical and eco- 
Re Shis'e noe” size as dependent variables. nomic) than the dependence of mature firms 
Bs. 3° Indicates, the interaction variable in explaining the relative growth of industries. 
a tally significant only when explaining One explanation is that the dependence of 
7 young firms in the United States is an accurate 
BIN: sadvantace ic a measure of the needs of new firms in that in- 
ro re od (at A e Pama dustry elsewhere, but only a noisy measure of 
"aes suY Classification used by the body com- the dependence of all firms. This seems to be 


data, resulting in an increase in noise. the case. When dependence is measured for 
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TABLE 8—GROWTH IN AVERAGE SIZE AND NUMBER OF ESTABLISHMENTS 
External dependence measured using : 
All firms Young firms Mature 
Growth Growth Growth 
average Growth average Growth average 
Variable size number size number size 
Industry’s share of total value —0.620 —0.312 —0.635 —0.252 —0.624 
~ added in manufacturing in 1980 (0.217) (0.154) (0.256) (0.179) (0.220) 
Interaction (external dependence X 0.051 0.115 —0.021 0.078 0.125 
accounting standards) (0.043) (0.037) (0.029) (0.024) (0.055) i 
R? 0.498 0.314 0.500 0.302 0.492 4 
Number of observations 951 975 899 922 923 
Differential in real growth rate 0.3 0.7 —0.2 0.6 0.4 


Notes: The average size of establishments in the industry į is Obtained by dividing the value added in the industty } 
number of establishments, and the growth in average size is obtained as a difference in logs between average size ja He 
and average size in 1980. The: growth in the number of establishments is the log of the number of subline 
less the log of the number of establishments in 1980. The differential in real growth rate measures (in percentage 
how much faster an industry at the 75th percentile level of external dependence grows with respect to an de 

25th percentile level when it is located in a country at the 75th percentile of financial development rather than į nee 
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the 25th percentile. All regressions are estimated using instrumental variables and include both country and industry 4 iz hi 


effects (coefficient estimates not reported). Heteroskedasticity robust standard errors are reported in parentheses; 


young firms, the interaction coefficient has a 


positive, statistically significant effect on the 
srowth in the number of establishments, but a 
negative (and statistically insignificant) effect 
on the growth of the average size of existing 
establishments (third and fourth columns); 
when dependence is measured for mature 
firms, the interaction coefficient has a positive, 
statistically significant effect on both. 

Since most of growth in value added is gen- 
erated by an increase in the average size of 
existing establishments, the most appropriate 
measure of external dependence seems to be 
one that includes both the needs of new firms 
as well as the needs of existing firms. This is 
why in the rest of the paper we will use exter- 
nal dependence measured across all firms. 


B. Is the Interaction a Proxy 
for Other Variables? 


Do external dependence or financial devel- 
opment proxy for something else? In principle, 
there is a long list of sources of comparative 


advantage that may dictate the presence, ab- 


>- 


















sence, or growth of industries in a counti, E 
results, though, cannot be explained unlésit& 
dependence of industries on this sue : 
comparative advantage is strongly corre 
with their dependence on external a - ee ga 
financial development 1 is a good proxy fof ore es io ae 
source of comparative advantage. We: nie 7 
two such possibilities below. 
Industries that are highly dependent Nels r. 
ternal finance—for example, Drugs and ie 
maceuticals—could also be dependi Ss 
human capital inputs. To the extent that $ 
cial market development and the aval% POM 
of human capital are correlated, the O05. SERES 
interaction between external dependentt™ Sameer 
financial development may proxy for a 
teraction between human capital depel', Sakae 
and the availability of trained human o# i 
To check this, we include in the basic a 
sion an interaction between the indust). aE 
pendence on external finance and a mers a 
the country’s stock of human capital (a 
years of schooling in population over oe 
of 25). If the conjecture is true, the COs 
of the financial development interactio® $ f 



























Human 
capital 
ce aa ae of total value —0.386 
ij in manufacturing in 1980 (0.137) 
‘external dependence 0.191 
g standards) (0.072) 
: 3 (external dependence —0.002 
j ge years of schooling) (0.003) 
on 3 (external dependence = 
‘ke of per capita income in 
0.413 
of. observations 1006 
ifernda in real growth rate 1.0 


raps bx. 


Sw 


efficient on the human capital interaction 
Lis small and not statistically significant, 
gt Ete financial development interaction in- 
pas: somewhat. This suggests that financial 
‘a en is not a proxy for the industry’s 
tence on human capital. 
foc Raer possibility is that lower depen- 
Se, ön external financing in the United 
n = Simply. reflects the greater maturity of 
vieesuy. An influential view of the devel- 
a ST o 1s that as technologies mature, 
ses ‘Using those technologies migrate 
eveloped economies to develop- 
Suomies (see, for example, Rudiger 
=e šet'al., 1977). Since developing 
2ate more likely to have underdevel- 
mee Markets, the interaction effect 
“May simply reflect the stronger 
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TABLE 9—-ROBUSTNESS CHECKS 


581 
Economic Above Below 
development median median 
~0.422 ~0.437 —6.079 
(0.134) (0.178) (1.932) 
0.149 0.161 0.161 
(0.055) (0.065) (0.066) 
0.000 — ar 
(0.005) 
0.418 0.548 0.390 
1042 522 545 
0.9 0.9 1.0 


The dependent variable is the annual compounded growth rate in real value added for the period 1980—1990 for 
cf pISIC industry in each country. The first column adds to the basic specification the interaction between external 
mendence and a country’s human capital. The second column adds to the basic specification the interaction between 
suernal dependence and a country’s level of economic development (log per capita income). The third column estimates 
£ baile. specification for industries that in 1980 were above the median industry in terms of the fraction they accounted 
fat value added in the manufacturing sector. The fourth column estimates the basic specification for industries that in 
320 were below the. median industry in terms of the fraction they accounted for of value added in the manufacturing 
ter “The differential in real growth rate measures (in percentage terms) how much faster an industry at the 75th 


| lke A county at the 75th percentile of financial development rather than in one at the 25th percentile. All regressions are 
oa amed using instrumental variables and include both country and industry fixed effects (coefficient estimates not 
BE acted). Heteroskedasticity robust standard errors are reported in parentheses. 


growth of mature technologies in underdevel- 
oped countries. 

We already have results suggesting this can- 
not be the entire explanation. The interaction 
effect is present even when dependence is 
measured only for young firms in the United 
States. Furthermore, we can test if financial 
development is really a proxy for economic. 
development in the regression. We include in 
the basic regression the interaction between 
the industry’s dependence on external finance 
and the log per capita.GDP for the country, in 
addition to our usual interaction term. As seen 
in the second column of Table 9, the coeffi- 
cient of the interaction term falls from 0.165 
(in the basic regression) to 0.149 but is still 
statistically and economically significant. The 
interaction between financial dependence and 
log per capita income is.close to zero and not 
significant. The results do not suggest financial 


m ts 
_— 
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dependence is a proxy for technological 
maturity. 


C. Other Explanations: Reverse Causality 


Thus far, we have taken the state of financial 


- markets as predetermined and exogenous. An 


alternative explanation of the development of 
financial markets is that they arise to accom- , 
modate the financing needs of finance-hungry — 
industries. 

The argument is as follows. Suppose there 
are some underlying country-specific factors 
or endowments (such as natural resources) 
that favor certain industries (such as Mining) 
that happen to be finance hungry. Then, coun- 
tries abundant in these factors should experi- 
ence higher growth rates in financially 
dependent industries and—as a result— 
should develop a strong financial market. If 
these factors persist, then growth rates in fi- 
nancially dependent sectors will persist and we 
will observe the significant interaction effect. 
But here it will result from omitted factors than 
any beneficial effect of finance. 

On the one hand, the lack of persistence in 
country growth over periods of decades (see 
Wiiliam Easterly et al., 1993) and the low cor- 
relation of sectoral growth across decades (see 
Peter Klenow, 1995) suggest that this should 
not be a major concern. On the other hand, our 
finding that capitalization 1s higher when the 
weighted average dependence of industries in 
the country is high indicates the argument is 
not implausible. 

The results we already have should reduce 
concerns about reverse causality. By restrict- 
ing the sample to manufacturing firms, we 
have reduced the influence of availability of 
natural resources. More important, the mea- 
sure of financial development we use— 
accounting standards—is instrumented with 
predetermined variables that are unlikely to be 
correlated with omitted factors driving the 
growth of industries dependent on external fi- 
nance. In fact, it should be less correlated with 
past financing than the capitalization measure, 
yet it explains future relative growth rates 
better. 

However, we can also test the argument 
more directly. If an industry has a substantial 
presence in a particular country, it is logical 


_ Table 9), the interaction coefficient ig 



































that the country has the necessary rez ie fe, 
and talents for the industry. So byt PT 
restricting the sample to industries į thas 
above the median size in the country in jours 
we reduce the problem of differensgtt 
growth stemming from differences `i ing 4 : 
dowment. When we estimate the re 
with this smaller sample (third ons ; 


tually unchanged. E 
One way to make sense of all our a ; ; 
without reverse causality driving the resi E 
that financial markets and institutions mě: i; 
velop to meet the needs of one set of inget 
tries, but then facilitate the growth of angi; 
younger group of industries. Alfrèd Ñ; 
Chandler, Jr. (1977) suggests this is, hig 
what happened in the United States. Ths & ; 
nancial sector, especially investment HSE 
and the corporate bond market, develop. i 
meet the financing needs of railroads if $ 
mid-nineteenth century. The financial: WSs 
structure was, therefore, ready to meet: hal | 
financing needs of industrial firms as | 
started growing in the latter half of the: alte 
teenth century. Similarly, Goldsmith (1985: # 
2) based on a study of the balance sheet é% 
20 countries writes: ‘‘The creation of a Ñ$ 3 ji 
ern financial superstructure, not in its dehik $ 
but in its essentials, was generally acie f ; 
plished at a fairly early stage of a coui g 
economic development.” ’ ee 
Again, we can test this possibility nosti 
rectly. We estimate the effect of financié $ , 
velopment only for industries that are smli $ i 
start out with, and are unlikely to be i 
sible for the state of development of the i 
cial markets. So we estimate the % 
regression for industries that in 1980 Ta 2 
than the median size in their respective! a 7? 
tries. The coefficient of the interaction er Bs 
again unchanged (see column four of TAR: 4 
even for these industries for which the a ‘ 
omy’s financial development is ares 
predetermined. We conclude that reve erst § 
sality is unlikely to explain our ca eae: } 
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TABLE 10—CASH FLOW AND INVESTMENTS 


Both measured 
for 1980 


Investment 
intensiveness 



















— —0.261 —0.595 
(0.196) (0.295) 

0.623 0.443 0.800 
(0.221) (0.283) (0.299) 


T dependent variable is the annual compounded growth rate in real value added for the period 1980—1990 for 
ee ISIC industry in each country. Internal cash flow is the ratio of cash flow from operations broadly defined (see text) 
S| plant and equipment for U.S. firms in the same industry. Investment intensity is the ratio of capital 
A Senis to property plant and equipment for U.S. firms in the same industry. The fourth column uses the cash flow 
E fe iensity and the investment intensity measured for the year 1980. The differential in real growth rate measures (in 
f: pegventage terms) how much faster an industry at the 75th percentile level of external dependence grows with respect to 
Ea aa industry at the 25th percentile level when it is located in a country at the 75th percentile of financial development 


ER ' : E7 than in one at the 25th percentile. All regressions are estimated using instrumental variables and include both 
























5: pee in parentheses. 
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A Tobacco industry in the United States uses 
f- Esgative external finance (see Table 1) partly 
ie d scause investment opportunities in the To- 
E c0. industry are small relative to the cash 
e. wa the industry generates. It may be that our 
WA y Reaaure: of dependence on external finance 
ci Eiis primarily for the investment intensity 
Sus * Sa particular industry. Furthermore, the de- 
oe | velopment of the financial sector may proxy 

$ =€ the overall cost of capital in that country 
}eeiher than the cost of external funds). The 
Fac ion effect then indicates that capital in- 
foe alms grow faster in an environment 
oe a: ower cost of capital. Though this is a 
eeeumate channel through which the financial 


s vee eS Boas 
; 


f- influences growth, we are also inter- 


Er a ne 


mig eae 


lagg i = Ten channel where the redué= 


ay > incremental cost of external funds 

< ment intensity were all that mattered, 
ce and internal finance were 
> the cash internally generated by 
: would be. irrelevant in countries that 
cally developed. All that mattered 
‘Size =o the required investment and 


euy and industry fixed effects (coefficient estimates not reported). Heteroskedasticity robust standard errors are re- 


the cost of capital. By contrast, if there is a 
wedge between the cost of internal and external 
finance which narrows as the financial sector de- 
velops, industries generating lots of internal cash 
should grow relatively faster in countries with a 
poorly developed financial sector. As indicated 
in the first column of Table 10, they do. This is 
consistent with financial development reducing 
the cost of external finance. Of course, as is to 
be expected with both the ‘‘cost of capital’’ and 
“cost of external capital’’ hypotheses, industries 
that invest a lot also grow faster in countries with 
more-developed financial markets (second col- 
umn). Unfortunately, when both interactions are 
introduced in the same regression, the coeffi- 
cients are measured very imprecisely because of 
fiiulticollinearity (cash flow intensity and in- 
vestment intensity have a correlation of 0.73); 
so neither is statistically different from zero. 
However, the coefficient on cash flows is still 
negative and sizeable (accounting for a real 
growth rate differential of about 0.4 percent per 
year). 

Multicollinearity results Fom our aggregat- 
ing cash flows and investments over a 
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decade.’? Therefore, we estimate the same re- 
gression using a measure of cash flow intensity 
and investment intensity measured for just one 
year (rather than an entire decade). In the 
fourth column we report the estimates ob- 
tained by using the 1980 measures of cash flow 
and investment. Both the cash flow intensity 
and the investment intensity are statistically 
significant at the 5-percent level. We estimated 
(but do not report) the same regression using 
a 1985 measure and a 1990 measure. In both 
cases the results are similar and both coeffi- 
cients are statistically significant at the 5- 
percent level. 


VI. Conclusion 


We develop a new methodology in this pa- 
per to investigate whether financial-sector de- 
velopment has an influence on industrial 
growth. In doing so, we partially circumvent 
some of the problems with the existing cross- 
country methodology highlighted by Mankiw 
(1995). First, it is difficult to interpret ob- 
served correlations in cross-country regres- 
sions in a causal sense. Here, we push the 
causality debate one step further by finding ev- 
idence for a channel through which finance 
theoretically influences growth. Also, since we 
have multiple observations per country, we 
can examine situations where the direction of 
causality is least likely to be reversed. A sec- 
ond problem with the traditional methodology 
is that explanatory variables are multicollinear 
and are measured with error. The combination 
of these two problems may cause a variable to 
appear significant when it is merely a proxy 
for some other variable measured with error. 
As a result, observed correlations can be mis- 
leading. By looking at interaction effects (with 
country and industry indicators ) rather than di- 
rect effects, we reduce the number of variables 
that we rely on, as well as the range of possible 
alternative explanations. Third, there is the 
problem of limited degrees of freedom— there 


'? Early investments will generate later cash flows re- 
sulting in the correlation. Aggregating over a decade, how- 
ever, will still give a reasonable estimate of the average 
demand for external funds even though it tells us less 
about the components. 
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are fewer than 200 countries on w ee A 
myriad theories have to be tested. ost 
proach partially alleviates this Problem jy, 
ploiting within-country variation in the oy P 
Our methodology, may have wider a 
tions, such as testing the existence of ¢ | 
through which human capital can: et ae 
growth. nee 
Apart from its methodological contribs y 
this paper’s findings may bear on three gix PE 
ent areas of current research. Firs a ag 
suggest that financial development has aj a Oe i 
stantial supportive influence on the rate se A -y 
nomic growth and this works, at least pay: uo ta 
by reducing the cost of external financë T ; 
nancially dependent firms. We should, add ts $ 
there is no contradiction when the lack of nd 
sistence of economic growth (Easterly. ang 
1993) is set against the persistence of met 
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ideas, financial development can enhance: 
novation, and thus enhance growth in ind 
ways. Kz 
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financial constraints, this paper pov 
evidence that financial market imperfecti 
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mined by historical accident or gover ae 
regulation, the existence of a well-deve f- gay 
market in a certain country represents 8 %F o 

of comparative advantage for that couse: pa 

industries that are more dependent on ¢*ii pE 
finance. Similarly, the costs imposed byt = 
of financial development will favor inCll 2 aie 

firms over new entrants. Therefore, Wc- 3 
of financial development can also be i a if B 
in determining the size composition 0: ot; 
dustry as well as its concentration. 
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SEven though self-fulfilling currency attacks lead to multiple equilibria when fun- 
damentals are common knowledge, we demonstrate the uniqueness of equilibrium 
“when speculators face a small amount of noise in their signals about the fun- 


2") damentals. This unique equilibrium depends not only on the fundamentals, but 
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<Caacylative attacks are sometimes triggered 
with Mit warning, and without any apparent 
E change in the economic fundamentals. Com- 
“gentators who have attempted to explain ep- 

ae: ieodes of speculative crises have pointed to the 
ima. self-fulfilling nature of the belief in an immi- 

+ Haney: sent speculative attack. If speculators believe 
ge that a currency will come under attack, their 


4 
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he oe 


lew Ya ‘eae cacy is not in danger of imminent attack, their 
a @ inaction spares the currency from attack, 

het 3, A 

(ingame However, merely pointing to the self- 
ew JAA Sllilling nature of beliefs leaves open a num- 
age ber Of Crucial questions. First, such an account 
me f ieaves- unexplained the actual onset of an at- 
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Je PN CUSION, 
ae theme is explored in Robert P. Flood and Peter 
entra 61984) and Maurice Obstfeld (1986, 1994, 


SAER Closely related literature explores self-fulfilling 
See Guillermo A. Calvo (1988), Jonathan 


Iso on financial variables, such as the quantity of hot money in circulation and 
the costs of speculative trading. In contrast to multiple equilibrium models, our 
model allows analysis of policy proposals directed at curtailing currency attacks. 


tack when it occurs. By most accounts, both 
the European Exchange Rate Mechanism 
(ERM) and the Mexican peso were ‘‘ripe’’ for 
attack for some time before the crises that 
brought them down in the early 1990’s—at 
least two years in Europe and perhaps a year 
in Mexico (Barry Eichengreen and Charles 
Wyplosz, 1993; Rudiger Dornbusch and 
Alejandro M. Werner, 1994). At any point in 
those periods, concerted selling by speculators 
would have raised the costs of maintaining the 
exchange rate sufficiently high that the mon- 
etary authorities would have been forced to 
abandon the parity. Why did the attacks hap- 
pen when they did? Conventional accounts re- 
sort to forces that operate outside the 
theoretical model in trying to explain the shift 
of expectations that precipitated the attack. 
Some of these informal accounts are more per- 
suasive than others, but none can be fully com- 
pelling as a theoretical model of the onset of 
a currency crisis. 

Secondly, merely pointing to the self- 
fulfilling nature of beliefs leaves open the pol- 
icy issues associated with curbing speculative. 
attacks. For example, it is often argued that 
increased capital mobility induced by lower 
transaction costs increases the likelihood of 
currency crises, and that judicious ‘“‘throwing — 
of sand’’ into the excessively well-oiled 
wheels of international finance will play a role 
in curbing speculative attacks (Eichengreen et 
al., 1995). However, an account that merely 
points to the self-fulfilling nature of beliefs 
cannot contribute to this debate, since the ` 
question of how the beliefs are determined is 





“sgg ` g THE AMERICAN ECONOMIC REVIEW 


beyond the scope of such an account. Any ar- 
gument for or against the proposal has to resort 
to forces outside the formal theory. 

We argue here that the apparent multiplicity 
of equilibria associated with self-fulfilling be- 
liefs is the consequence of assuming too sim- 
ple a picture of the role played by information 
in a speculative episode. Although market par- 
ticipants each have a window on to the world, 
_the imperfect nature of such a vantage point 

generates a failure of common knowledge of 
the fundamentals. Thus, everyone may know 
that the fundamentals are sound, but it may not 
be that everyone knows that everyone knows 
this. Still higher orders of such uncertainty 
may be relevant. Uncertainty about other par- 
ticipants’ beliefs is crucial to a speculative ep- 
isode, since the onset of a speculative attack 
relies to a large extent on coordinated behavior 
of speculators. We propose a more realistic 
` modelling of the information structure under- 
lying speculative situations that enables us to 
pinpoint the forces which determine the onset 
of a speculative attack. When speculators ob- 
serve an independent noisy signal of the state 
of fundamentals, common knowledge of the 
fundamentals no longer holds. This is enough 
to induce a unique equilibrium of the model, 
in which there is a critical state below which 
attack always occurs and above which attack 
never occurs.” The value of this critical state 
depends on financial variables such as the 
mass of speculators and the transaction costs 
associated with attacking the currency. As a 
consequence, we can say something about 
how this unique outcome depends on the pa- 
rameters of the problem, such as the costs of 
speculation, the underlying strength of the 
economy, and the size of the pool of hot 
money in circulation. 

Information plays a subtle role in speculative 
crises. What is important is not the amount of 
information, per se, but rather how public and 
transparent this information is. If market partic- 


2 Andrew Postlewaite and Xavier Vives (1987) dis- 
cuss the role of information in selecting among multiple 
equilibria in the closely related context of bank mins. Our 
analysis builds on and extends the earlier incomplete in- 
formation game analysis of Hans Carlsson and Eric E. van 
Damme (1993) and Morris et al. (1995). 
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I. Model’ 
Our model is concerned with the strats a 
interaction between the government = aiat 
group of speculators in the foreign exchy ay 
market that takes place against the backs 
of a competitive market for foreign exching a 
The economy is characterized by a. State ¢ 
fundamentals @, which we assume to bes : 
formly distributed over the unit interval (0. 
The exchange rate in the absence of gog 
ment intervention is a function of 9, and) 
given by f(@). We assume that f is sti i oe 
increasing in 6, so that higher values of bea i ETO 
respond to ‘‘stronger fundamentals.” .-? Biesehar 
The exchange rate is initially pegged bye} te ae 
government at e*, where e* = f (0) for alt Toe 
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ulators who may take one of two actions my vaas 
speculator may either attack the currency pi atasing | 
selling short one unit of the currency, ot 4338 
frain from doing so. There is a cost t > te ak 
sociated with short-selling. If a speculit ae 
short-sells the currency and the govemiž $$ 
abandons the exchange rate peg, then the pe £3 
off at state 6 by attacking the currency is ge Saas’ 
by the fall in the.exchange rate mins # Eira 
transaction cost. Thus the speculator’s P3% Silat 
is e* — f(@) — t. If the government ¢ delet r 
the peg, then the speculator pays the tr oe as 
tion cost, but has no capital gain. Thus hisp a 
off is —t. If the speculator chooses 2) ae 
attack the currency, his payoff is zero.“ <2 gny Exc 
The government derives a value v 7 oe i Sy Re af (i 
defending the exchange rate at the PSE- 
level, but also faces costs of doing So. er rat poe TE 
of defending the peg depends on the 5 att a Oran 
the fundamentals, as well as the propol "he 
speculators who attack the currency. 
note by c(a, 0) the cost of defending oat 
if proportion œ of the speculators aa 
currency at the state 6. The government $ ae p TAR 
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AWe assume that c is continuous and is in- 


en -AR PNE : i í 
arrenc yag + Sensing in a while decreasing in 8. In partic- 
Mer. E SE Í 
ea  eileresting we will impose the following as- 
1 3 tions on the cost function and.the floating 
ahge rate f(0). 


e(a; 0)-> v. In the worst state of funda- 
Tientals, the cost of defending the currency 
80 high that it exceeds the value v even if 


oe 


£0 Speculators attack. 


et> v. If all the speculators attack the 
Raa then even in the best state of the 


p Ki EON SAD $ : 
Tog iidamentals, the cost of defending the cur- 


ty-exceeds the value, 

=f (1) < t. In-the best state of the fun- 
on the floating exchange rate fO) 
5 Sul area Close to the pegged level e* 
att any profit from the depreciation of 
= Sur ge 1S outweighed by the transac- 
oa e i S Enote by 8 the value of 6 which solves 
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0 6 1 


FIGURE 2. THE MANAGED EXCHANGE RATE AND THE 
EXCHANGE RATE IN THE ABSENCE OF INTERVENTION AS A 
FUNCTION OF THE STATE OF FUNDAMENTALS 


0 at which the government is indifferent be- 
tween defending the peg and abandoning it in 
the absence of any speculative selling. When 
0 < 0, the cost of defending the currency ex- 
ceeds the value, even if no speculators attack 
the currency (see Figure 1). At the other 
end, denote by 6 the value of 8 at which f(6) = 
e* — t, so that the floating exchange rate is 
below the peg by the amount of the cost of 
attack. When 0 > 9, then the floating exchange 
rate 1s sufficiently close to the peg that a spec- 
ulator cannot obtain a positive payoff by at- 
tacking the currency (see Figure 2). Using the 
two benchmark levels of the state of funda- 
mentals 9 and 6, we can classify the state of 
fundamentals under three headings, according 
to the underlying strategic situation. 


A. Tripartite Classification of Fundamentals 
Assuming that.@ < 6, we can partition the 
space of fundamentals into-three intervals,” ~ 


emphasized by Maurice Obstfeld (1996). 


e In the interval [0, 9], the value of defending 
' the peg is outweighed by its cost irrespective 


> This assumption will hold if v is large and ¢ is small. 
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of the actions of the speculators. The gov- 

ernment then has no reason to defend the 

currency. For this reason, we say that the 

currency is unstable if 0 € [0, 8]. 

e In the interval (6, ð), the value of defending 
the currency is greater than the cost, pro- 
vided that sufficiently few speculators attack 
the currency. In particular, if none of the 
speculators attacks,.then the value of de- 
fending the currency is greater than the cost, 
and so the government will maintain the 
peg, which in turn justifies the decision not 
to attack. However, it is also the case that if 
‘all the speculators attack the currency, then 
the cost of defending the currency is too 
high, and the government will abandon the 
peg. Moreover, since @ is the right end point 
of this interval, a speculator will make a 
positive profit if the government were to 
abandon the peg at any state @ in the interval 
(8, 8), so that if a speculator believes that 
the currency peg will be abandoned, then 
attacking the currency is the rational 
action. For this reason, we say that the cur- 
rency is ripe for attack if 0 € (0, 6). 
¢ Finally, in the interval [6, 1], although the 
speculators can force the government to 
abandon the peg, the resulting depreciation 
of the currency is so small that they cannot 
recoup the cost of attacking the currency. 

Thus, even if a speculator were to believe 

that the currency will fall, the rational action 

is to refrain from attacking it. In other 
words, it is a dominant action not to attack. 

For this reason, we say that the currency is 

stable if 0 € [9, 1]. 

The interesting range is the “‘ripe for at- 
tack’’ region. Suppose that the government’ s 
decision on whether or not to defend the cur- 
rency is determined purely by weighing up the 
costs and benefits, and that it makes its deci- 
sion once all the speculators have made their 
decisions. Then, if all the speculators have per- 
fect information concerning the realization of 
0, the “‘ripe for attack’ region gives rise to the 
Standard case of multiple equilibria due to the 
self-fulfilling nature of the speculators’ be- 
liefs. If the speculators believe that the cur- 
rency peg will be maintained, then it is optimal 
not to attack, which in turn induces the gov- 
ernment to defend the currency, thereby vin- 


fee, 















dicating the speculators’ decisions Bs: : 
attack the currency. On the other hand, if T 
speculators believe that the currency peg} 

be abandoned, the rational action is to ak Rie 
the currency, which in turn induces the $s 
ernment to abandon the peg, vindicating w Fak: 
decision to attack. Given this stone k ; 
equilibria, no definitive prediction kf 
made as to whether the currency will ¢ 
under attack or not. We will now see, howei. 
that the situation is very different when} aff 
speculators face a small amount of uncertaigy $f oe 
concerning the fundamentals. Each staf E Ka: 
fundamentals gives rise to a unique outcöne: aa 





B. Game with Imperfect Information’ 
of Fundamentals 


Suppose that the speculators each be i An 
signal concerning the state of fundamentali 5 ae 
in the following game. ee Ge 


e r 
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e Nature chooses the state of fundamental $ 
according to the uniform density over ti: 5 3 
unit interval. 

e When the true state is 0, a aio tE 
serves a signal x which is drawn oi $ : 
from the interval [0 — 6,6 + e], for so £ 
small e > 0. Conditional on 6, the sont f- Sa 
are identical and independent across im §: S 
viduals. Based on the signal observed,i $: E 
speculator decides whether or not to an oy 
the currency. oes 

¢ The government observes the realized pe S 
portion of speculators who attack the E 3 
rency, a, and observes 6. : 


The payoffs of the game follow from E 
description of the model above. We asss -p 
that if a speculator is indifferent bem = 
tacking and not attacking, he will refrain sA 
attacking and that if the government is nt an 
ferent between defending the peg and a% i = | 4 
doning it, it will choose to abandon it. a PR SS 

An equilibrium for this game consi a 


strategies for government and for the ce pi 
a 5 


+ In particular, we assume that 2e < min{9 ! E v 

` Nothing substantial hinges on these asst a a 
which are made for purposes of simplifying the °° yS 
of our results. , : 
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lators such that no player has an 
‘ate. We can solve out the gov- 
EE at the final stage of the 
sae to define a reduced-form game between 
Se ators only. To do this, consider the 
FA ortion of speculators needed to 
Sue the government to abandon the peg at 
f. ape b. Let a(@) denote this critical mass. In 
ges constable” region a(0) = 0, while else- 
kefea(b) is the value of a which solves c(a, 
vey. Figure 3 depicts this function, which 
44 ayous and strictly increasing in 0 where 
; a positive value, and is bounded above 
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The unique optimal strategy for the govern- 
ment is then to abandon the exchange rate only 


“hg observed fraction of deviators, a, ‘is 
bearer than or equal to the critical mass a(@) 
$ gs the prevailing state 8. 


b.'... Faking as given this optimal strategy for the 


‘gaverpment, we can characterize the payoffs 
E in. the reduced-form game between the spec- 


| entaly va. glators, For a given profile of strategies of the 
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-290 end up attacking the currency when the 
atime, Sale Of: fundamentals is 6, given aggregate 
e: SAE Strategy r. Since signals are uniformly 
tnbuted over [9 — £, 6 + s] at 0, we have® 


eas Bol by. A(7) the event where the govern- 
| E abandons the currency peg if the specu- 
oe follow Strategy 7: 
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FIGURE 3. THE PROPORTION OF SPECULATORS WHOSE 
SHORT SALES ARE SUFFICIENT TO INDUCE DEPRECIATION, 
EXPRESSED AS A FUNCTION OF THE FUNDAMENTALS 


state 0 when aggregate short sales are given by 
T iS 


(3) h(@,7) 
7 e*—f(0)—t if@ EC A(T) 
a ifa E A(T). 


However, a speculator does not observe 0 di- 
rectly. The payoff to attacking the currency 
must be calculated from the posterior distri- 
bution over the states conditional on the signal 
x. The expected payoff to attacking the cur- 
rency conditional on the signal x is given by 
the expectation of (3) conditional on x. De- 
noting this by u(x, 7), we have 
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Since a speculator can guarantee a payoff of 
zero by refraining from.attacking the currency, 
the rational decision conditional on signal x 
depends on whether u(x, 7) is positive or neg- 
ative. Thus if the government follows its 
unique optimal strategy, 7 is an equilibrium of 
the first period game if m(x) = 1 whenever 
u(x, T) > O and a(x) = O whenever ufx, 
m) = 0. 


I. Unique Equilibrium 


We now state the main result of our paper, 
noting the contrast between the multiplicity of 
possible outcomes when there is perfect infor- 
mation of the fundamentals against the unique- 
ness of outcome when there is a small amount 
of noise. 


THEOREM 1: There is a unique 6* such 
that, in any equilibrium of the game with 
imperfect information, the government 


abandons the currency peg if and only if 
0 <= 6*, 


The argument for our result can be pre- 
sented in three steps. 


LEMMA 1: If a(x) = 2'(x) for all x, then 
u(x, T) = u(x, 7’) forall x. 


In other words, if we compare two strat- 
egy profiles m and 7’, where m entails a 
greater proportion of speculators who at- 
tack for any message x, then the payoff to 
attacking the currency is greater given 7 
than when it is given by 2’. Thus specula- 
tors’ decisions to attack the currency are 
strategic complements. 


PROOF OF LEMMA 1: 

Since a(x) = m'(x), we have s(6,7) = 
s(@, x’) for every 0, from the definition of s 
given by (1). Thus, from (2), 


A(T) 2A(n’). 


In other words, the event in which the cur- 
rency peg is abandoned is strictly larger under 
a. Then, from (4) and the fact that e* — f(@) 
is nonnegative, 
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which proves the lemma. 


For the next step, consider the strategy. i 
file where every speculator attacks thee ei i 
rency if and only if the message x is less tig 
some fixed number k. Then, aggregate š 
sales m will be given by the indicator fun 
I,, defined as 
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When speculators follow this simple ubag T 
action, the expected payoff to attacking. ay ie a ¥ i 
currency satisfies the following property a calc y: 


strictly NENN in k. 


In other words, when aggregate short n: MN: 
are governed by /,, and we consider the pays E. roy i 
to attacking the currency given the E eae 
message k, this payoff is decreasing as the fa ita 
damentals of the economy become strong oo o's 
Put another way, when the fundamentals olé 
economy are stronger, the payoff to a 
the currency is lower for a speculator.' on ae 
margin of switching from attacking to. a EY Se og 
tacking. Such a property would be af i pst 
able feature of any model of currency at ae a F 
where the government is able to resist P ef i E 
lators better when the fundamentals 
stronger. : 

The proof of Lemma 2 is simple Wi 

































oe n of the fundamentals, a speculator 


POT 1 attacks the currency if and only 
ws ga igignal xX atta 
as ig? 


wees 


A this, we begin by establishing that 
Si isa unique value of k at which 
yon gi . 


u(k, I) =0. 


Lemma 2, we know that u(k, I) is con- 
+. and strictly decreasing in k. If we can 
that it is positive for small values of k 
ty aeative for large values, then we can 
Sic nee that u(k, I) = 0 for some k. When 
Otay cone ronal . 
e835 sufficiently small (i.€., k = @ — e), the 
feeseninal speculator with message k knows 
ikat the true state of fundamentals is in the 
S<tesastable’’? region, since such a message is 
k- csasistent only with a realization of 0 in the 
anterval [0, 0]. Since the payoff to attacking 
OSE tha currency is positive at any @ in this interval, 
‘CHEB we have u(k, I) > 0. Similarly, when k is 
i sufficiently large (i.e., k = 0 + &), the mar- 
‘ginal speculator with message k knows that the 


ome. 4 )-< 0. Hence, there is a unique value of k 
me for which u(k, I) = 0, and we define the value 
Sq% 45 this unique solution to u(k, I) = 0. 
‘Now, consider any equilibrium of the game, 
id-denote by (x) the proportion of specu- 
ots who attack the currency given message 
‘Define the numbers x and X as 


x = inf { x|a(x) < 1} 


on 
ART 


a "and x = sup{ x|a(x) > 0}. 


xX=sXx. 


te te Li te om, 


E -> c not attacking the currency. This is 
oe), asistent with equilibrium behavior if 
: to not attacking is at least as high 
OL to attacking given message x. By 
ly this is true at x also. In other words, 
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Now, consider the payoff u(x, J,). Clearly, 
I, = m, so that Lemma 1 and (7) imply u(x, 
I) = u(x, 7) = 0. Thus, u(x, J,) = 0. Since 
we know from Lemma 2 that u(k, J.) is de- 
creasing in k and x* is the unique value of k 
which solves u(k, J,) = 0, we have 


(8) x= x*. 
A symmetric argument establishes that 
(9) xX = x*, 


Thus, from (8) and (9), we have x = x* = 
x. However, we know from (6) that this 
implies 


x=x*¥ =X, 


Thus, the equilibrium ~ is given by the step 
function [,., which is what Lemma 3 states. 
Hence, this proves Lemma 3. 

From this, it is a short step to the proof of 
our main theorem itself. Given that equilibrium 
m is given by the step function /,., the aggregate 
short sales at the state 0 are given by 
1 if @<x*¥—e 
if ji 
AD aa e MEPE. 

2 2e ee) 


wx*-—-esxsO0<x*¥ +e 


s(@, La) oon 


0 fO2z=x* +e. 


Aggregate short sales s(6, I.) are decreasing 
in @ when its value is strictly between 0 and 1, 
while a(@) is increasing in @ for this range. 
See Figure 4, which illustrates the derivation 
of the cutoff point for the state of fundamentals 
at which the equilibrium short sales are equal 
to the short sales which induce depreciation. 
We know that x* > 6 — e, since otherwise 


attacking the currency, is a strictly better ac- 


tion, contradicting the fact that x* is a switch- 
ing point. Thus, s(6, I+) and a(@) cross 
precisely once. Define 9* to be the value of 8 
at which these two curves cross. Then, s(0, 
[,») = a(@) if and only if 6 = 0*, so that the 
government abandons the currency peg if and 
only if 0 = 6*. This is the claim.of our main 
theorem. 
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Information plays a subtle role in the <3 SA 

‘i What matters is not the amount of infor. a Oo eel 
eae Canale ~----------- per se, but whether there is common >s MERI- 
edge. With noise, it is never common kj wa 


s( oi +) edge that the fundamentals are consis h 
’ X the government maintaining the curren RES: 
i.e., that 9 = 8. If you observe a cid EA cae y 
: than 8 + e, then you can claim to kno, Bee 
Gz= 6, since your message has the m 
od a error of s. When do you know that ever: ne es imi a 


knows that 0 = 0? In other words, whet ioe a 
you know that everyone has observed a Sipe ae 


differ from yours by at most 2s, this ie 
true if you observe a signal greater than 6:5. ie os 
3e. Proceeding 1 in this way, there is ‘‘nth giy pa A 
g knowledge” that 6 = 6 (i.e., everyone kion EE: 


qa 
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THE STATE OF FUNDAMENTALS AT WHICH THE (2n — 1)e. But, by definition, there is comia Se ol) 


EQUILIBRIUM SHORT SALES ARE EQUAL TO THE SHORT knowledge that 0 = @ if and only if ru k É pnr 
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n at which nth order iterated knowledge eS, He 
IIL. Comparative Statics and Policy Implications Thus it is never common knowledge that fi E 
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as e tends to zero has a particularly simple a currency attack, we should look for WES vs Katur are 
characterization. | rival of noisy information, i.e., news eve le i 
that are not interpreted in exactly the same ti. ap etal; 
THEOREM 2: In the limit as £ tends to zero, by different speculators. The infor A eee 
6* is given by the unique solution to the equa- events that matter may be quite subtle? Bead 
tion f(0*) = e* — 2t. “grain of doubt,” allowing that others T8 4 a { 


The proof is in the Appendix. Intuition is will lead to a currency crises even if evel ys i OARE: 
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who observes message x = 0*, With e small, predicting when crises will occur, aver 
this tells the speculator that the true 8 is close opinion or even extreme opinion need not Ji A fy ji 
to #*. Since the government abandons the peg __ cipitate a crisis. Rather, what matters." ià T jt PA K a : 
if and only if @ is less than @*, he attachesequal higher order beliefs of some participants ® eee 
probability to the currency being abandoned are apprehensive about the beliefs of yet 
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tacking is '(e* — f(@*)), while the costist. uals, on these extreme opinions. This i538 
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ec: japas Province were widely cited 
En cause of the 1994 Mexico crisis (New 
DOME: Jorca TIMES, 1994); uncertainty about Maast- 
E -i German unification, and Bundesbank 
Tar ncements were argued to be important 
she 1992 European Monetary System crises. 
Our analysis suggests that such *‘informa- 
gagal events” might precipitate a crisis even 
‘eq investor thought they conveyed real in- 
= rron about fundamentals themselves. It is 
oh that the announcements remove com- 
ca'knowledge that the fundamentals were 
inable. 
“above all, our analysis suggests an impor- 
aat role for public announcements by the 
swmetary authorities, and more generally, the 


~ geeasparency of the conduct of monetary pol- 
ey and its dissemination to the public. If it is 


a 
: 38 
Fas ease that the onset of currency crises may 
be precipitated by higher-order beliefs, even 
MAPE though participants believe that the fundamen- 
iere < tals are sound, then the policy instruments 
oS which will stabilize the market are those which 
: NEE: .2im to restore transparency to the situation, in 

Ste -an attempt to restore common knowledge of 
wae ibe fundamentals. The most effective means 
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role for the timely and effective dissemination 
of information on the part of policy makers, 


and the smooth functioning of a reliable and - 


transparent set òf communication channels be- 
tween market participants and the policy mak- 
ers, as well as between the market participants 
themselves. 


B. Changes in Transaction Costs 


We next examine shifts in t. Drawing on 
Theorem 2, which determines 9* in the limit 
as e becomes small, we can totally differenti- 
ate the equation f(0*) = e* — 2t to obtain 


doe 2 
dt sf "(0*) 


Thus increasing transaction costs prevents cur- 
rency crises, since it reduces the range of fun- 
damentals where an attack occurs. The size of 
this effect depends on the slope of f: when the 
f’ is small, an increase in the cost of specu- 
lation has a large effect on the switching point 
0*. This suggests that the imposition of small 
transactions costs as advocated by several 
commentators will have a large impact on the 
prevalence of speculation precisely when the 
consequences of such speculative attacks are 
small. If speculative attacks are predicted to 
lead to drastic effects (1.e., when f(@) is a 
steep function of 6), then the imposition of a 
smali additional cost is unlikely to have a large 
effect on the incidence of currency attacks. 


C. Changes in Aggregate Wealth 


Now consider how our analysis is affected 
when aggregate wealth varies. The interna- 
tional fiow of so-called ‘‘hot money’’ would be 
one factor in determining this aggregate wealth, 
as well as changes in the numbers of specula- 


_ tors themselves. The main effect of a change in 


aggregate wealth of the speculators is a change 
in the function a(@), which indicates the criti- 
cal proportion of speculators needed to attack 
the currency in order to induce the government 
to abandon the currency peg. When the aggre- 
gate wealth of the speculators increases, then 
this critical proportion of speculators falls, since 
the government’s decision is based on the ab- 
solute level of short sales. 
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As can be seen from Figure 4, a downward 
shift in the a(@) function has the effect of en- 
larging the set of states at which the govern- 
ment abandons the exchange rate peg. In other 
words the event A(z) = {@|s(6, 7) > a(@)} 
is strictly larger with a lower a(-) function. 
Since the payoff to speculation is given by 


[+ (ex ~00)) a8 
A(N [x—e.xt+e] 


the enlargement of the event A(7) has an un- 
ambiguous effect in increasing the payoff to 
attacking the currency at any value of the sig- 
nal x. Thus, the benchmark value 6* is shifted 
to the right, and the incidence of speculative 
attacks increases. 

Note, however, from Figure 4 that the effect 
of an increase in the a(-) function depends on 
the size of the noise e. The effect is largest 
when e is also large. In the limiting case. when 
e tends to zero, the equilibrium s(@, J,«) be- 
comes the step function /,., so that a shift in 
the a(-) function has no effect on the switch- 
ing point @*. Thus, our analysis suggests that 
changes in the aggregate wealth of speculators 
need not have a large impact on the incidence 
oi currency attacks when the speculators have 
fairly precise information concerning the fun- 
damentals. It is when the noise is large that 
shifts in wealth have a big impact. 

This suggests that the imposition of direct 
capital controls work best when there is a lack 
of ‘‘transparency’’ of the economic funda- 
mentals, in the sense that observers differ 
widely in their interpretation of the economic 
fundamentals. When the fundamentals are rel- 
atively transparent to all (corresponding to a 
small €), direct capital controls seem far less 


effective. Under such circumstances, strategic 


considerations dominate any uncertainty con- 
cerning the fundamentals. 


IV. Conclusion 


Existing models of currency attacks that fo- 
cus on fundamentals ignore the role of spec- 
ulators’ beliefs about other speculators’ 
behavior. Existing self-fulfilling beliefs mod- 
els of currency attacks assume that speculators 
know (in equilibrium) exactly what other spec- 
ulators will do. Neither feature is realistic. Our 





model takes neither extreme. Because # hess E 


attacks is consistent with unique eq 


some uncertainty about equilibrium, spé eh X poy by 
tors are uncertain as to exactly whati i : 
speculators will do; but their behavior dena 
nontrivially on what they believe they will ie 
Because our model of self-fulfilling c 
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APPENDIX 


PROOF OF LEMMA 2: 


Consider the function s (0, I,), which; oie of 
the proportion of speculators who attack t% i 
currency at 0 when the aggregate short s 
given by the step function J,. Since x is my 
formly distributed over [0 — e, ð + elk RE 


have 


1 #@=k-e 
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(Al) s(61)=% 7 28 


ifk— es Oakte, 


0 if@=kt+e. 


if aggregate short sales are given by h, thes | 
is a unique 6 (which depends on k) where &} 
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mass of speculators attacking equals the më $4 B: 
of speculators necessary to cause the gove Pig 


ment to abandon the exchange rate [ whet 
s(0, I) = a(0)]. Write w(k) for the amon | 
that 6 must exceed k in order for this nE 
true. In other words, W(k) is the unique vou 
of w solving s(k + Y, 1,) = a(k + y). Obsee 
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e, then —e < W(k) < e and is the value 


solving (1/2 — ¢/2e) = a(k + p). 






Since the government abandons me AA scene 


rency peg if and only if @ lies. in the I 


[0, k + p(k)], the payoff function ulki 
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decreasing in k, totally differentiate 
gation (1/2 — w/2e) = a(k + y) with 

t to k, to obtain —(1/2e)ġ’ (k) = 
ea + y'(k)). Hence, 


7 é (k) =~ Sn + (1/2e) 


4 h is sufficient for u(k, I) to be strictly 
ing in k. Finally, the continuity of u (k, 
immediately from the fact that it is 
in which the limits of integration 
Ives continuous in k. This com- 
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Consider the switching point x*, which is 
solution to the equation u(x*, I) = 0. 
T r writing F(e) = T JAMAN [zt ext E], (e* — 
7(8)yid8, we can express this equation as 
(FC ze) — t = 0. By using L’H6pital’s rule, 
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E Thus, i in the limit as s > 0, equation (A3) 
p yields f(x*) = e* — 2t. Finally, we note that 
“g* eouverges to 6* when e tends to zero, since 


ie o pi tho limi, (6, In) = Ice. 


3 
; pok 


-x 
EEIN 
pet aos nik 
ioe Y ce 
ee 
a% 


Se? 
= 


REFERENCES 


n Calve, Guillermo A. ‘‘Servicing the Public 
ra Debt: The Role of Expectations.” American 
Ri i Economic Review, September 1988, 78(4), 
Vem = PP: O47=61. 
ee Sale s Hans and van Damme, Eric E. ‘“Global 
Zoa Fees and Equilibrium Selection.’’ Econ- 
C. a ce » September 1993, 61 (5), pp. 989- 
) S.-Y. “‘Structure and Strategy in 
LEC ective A Action: Communication and Co- 
ernie: city f haem Networks.” Mimeo, 
A eee pis 0 cago, 1996. 
sant L. and Kehoe, Timothy J: ‘‘Self- 
7 sung oe Crises. ’* Federal Reserve 


a 
Jan 
z 
“ 
+, 
“ 
2 2 
af 


eae Pre 
aj ier = w uA 
PAWS Maan NOE RERE, ie 
è af E 2% H IPH: ae ied 
LS Ce Pe, SN : p f 
Aon aa ae a” : 
F `, 


‘ 
n a 
aa 

I% DoE S 
Piy 
a E 

ty | 
zi 
eM “ajy 





MORRIS AND SHIN: UNIQUE EQUILIBRIUM AND CURRENCY ATTACKS | 597 


Bank of Minneapolis Research Department 
Staff Report No. 211, 1996. 

Dornbusch, Rudiger and Werner, Alejandro M. 
‘“Mexico: Stabilization, Reform and No 


Growth.” Brookings Papers on Economic © 


Activity, 1994, (1), pp. 253-315. 

Eaton, Jonathan and Fernandez, Raquel. ‘‘Sov- 
ereign Debt,” in Gene M. Grossman and 
Kenneth Rogoff, eds., Handbook of inter- 
national economics, Vol. UI. Amsterdam: 
North-Holland, 1995, pp. 2031-71. 

Eichengreen, Barry; Tobin, James and Wyplosz, 
Charles. ‘“T'wo Cases for Sand in the Wheels 
of International Finance.’ Economic Jour- 
nal, January 1995, 105(428), pp. 162-72. 

Eichengreen, Barry and Wyplosz, Charles, ““The 
Unstable EMS.” Brookings Papers on Eco- 
nomic Activity, 1993, (1), pp. 51-143. 

Flood, Robert P. and Garber, Peter M. ‘‘Gold 
Monetization and Gold Discipline.” Jour- 
nal of Political Economy, February 1984, 
92(1), pp. 90-107. - 

Morris, Stephen; Rob, Rafael and Shin, Hyun Song. 

‘‘n-Dominance and Belief Potential.” Econo- 
metrica, January 1995, 63(1), pp. 145-57. 

New York Times, The. December 20—23, 1994, 
various articles. 

Obstfeld, Maurice. ‘‘Rational and Self- 
Fulfilling Balance-of-Payments Crises.’’ 
American Economic Review, March 1986, 
76(1), pp. 72-81. 

. “The Logic of Currency Crises.’’ Ca- 
hiers Economiques et Monetaires ( Banque 
de France), 1994, 43, pp. 189-213. 

. ‘‘Models of Currency Crises with 
Self-Fulfilling Features.’’ European Eco- 
nomic Review, April 1996, 40(3-5), pp. 
1037-47. 

Postlewaite, Andrew and Vives, Xavier. ‘“Bank 
Runs as an Equilibrium Phenomenon.’’ 
Journal of Political Economy, June 1987, 
95(3), pp. 485-91. 

Rubinstein, Ariel. ‘“The Electronic Mail Game: 
Strategic Behavior Under ‘Almost Common 
Knowledge.’ ’’ American Economic Rê- 
view, June 1989, 79(3), pp. 385-91. 


By JONI HERSCH* 


The theory of compensating differentials 
holds a prominent place in the analysis of 
wage determination, and a large empirical lit- 
erature documents substantial wage-risk trade- 
offs.’ Although women comprise over 45 per- 
cent of the labor force, job risks have been 
viewed as primarily a male province, and stud- 
ies have largely excluded female workers from 
the analyses. Since most of the occupational 
injury data are available only at the industry 
level, if women are in safer jobs within indus- 
tries, matching industry injury rates to female 
workers may lead to large measurement prob- 
lems and misleading estimates. 

In this paper I use new national data to con- 
struct gender-specific estimates of injury and ill- 
ness incidence rates by both industry and 
occupation. These rates are the first gender- 
specific injury incidence rates in the literature, 
as well as the first occupational incidence rates. 
Although women are less likely than men to be 
injured on their jobs, their injury experience is 
considerable, as one-third of all injuries and ill- 
nesses with days away from work are to women. 
Adjusted for gender differences in employment, 
women face a job risk that is 71 percent of 
men’s. Further, the gender-specific injury rates 
reveal substantial and statistically significant 
wage-risk trade-offs for female workers. All fe- 
male workers, not only those employed in 
blue-collar occupations, receive a significant 
compensating differential for job risks. Female 
workers at the average level of risk receive a 


wage premium of 2—3 percent, equal to an ad- . 


* Department of Economics and Finance, University of 
Wyoming, Laramie, WY 82071. I thank Kathryn 
Anderson, Stephen Cosslett, Jahn Hakes, Daniel 
Hamermesh, Leslie Stratton, and the anonymous referee 
for their very helpful suggestions, and Linda Garris and 
Larry Jones of the Office of Safety, Health, and Working 
Conditions, Bureau of Labor Statistics, for providing ta- 
bles of injury statistics prior to their public release. 

' A recent survey of the literature is by W. Kip Viscusi, 
1993. 



























ditional $400-—$563 per year as com 
for nonfatal job risks. pee 
The results using the selec re |p 
measures ařė in stark contrast to those obtains irre 
for women using the standard be Ut SUE 
measures. Estimates based on the U S.D J: ; = 
partment of Labor, Bureau of Labor Statist, Sire, 
(BLS), industry injury and illness incig 
rates do not indicate a significant Wages 
trade-off. These findings suggest that as: 
ing industry risk measures to female woke; 
without adjusting for gender differences inks =e 
jury experience may lead to biased estimex (aes, 
of the returns to job risk and a misleading yita A 
of who bears injury risks in the workplace* 
I use these estimates of the wage-risk te {f 4 
off based on the gender-specific incide i= 
rates to calculate the first estimates in the a 
erature of the implicit value of an injury E vo B h 
range from $20,000 using the female-spedk #9 Le ‘i | 
industry rate, to $30,000 using the mai DE ak 
specific occupation rate, are similar to ni 3 
find for male blue-collar workers. Wks e 
Similar concerns about measurement ei p : 
have led to the exclusion of white-collar 1 
workers from most studies. The gu ‘ef fee: E 
occupation-specific risk measures calci 
here certainly reduce this measurement éff 
In contrast to the findings for female wt g an 
however, in many cases there is an invert E g eon? 
lation between wages and risk for white- 0%: ee : 
males, whether the risk measure porains g Bs Vay 
individual’s three-digit industry or trw S3 
occupation. Been SN 
The estimating procedure used in his sE ees 
follows the standard approach in the litera: -Suia 
matching average risk measures to individ pe 
by industry or occupation. Because all YE SRE 
within an industry or occupation are assig T 
same injury rate, the residuals in the VSSA 
for workers in a given industry or © ui A 
group are likely to be correlated. mng $. 
standard errors calculated in this paper at ie a ee 
erally 2—3 times the size of those calas i if 
without recognizing this source of ace : A ee 


























Pe Rec ery Job Risks and the Treatment of 
oras Workers in the Literature 


discussing the construction of 

=. cific injury incidence rates, it is use- 
ea consider the method used by the Bureau 
Labor oer statistics. For each industry, the in- 
ae rate is calculated as 


A 5 number of injuries and illnesses, H 
zal hours worked by all employees during 
-alendar year, and 200,000 = base for 100 

alate equivalent workers (40 hours per 

k= 50: weeks per year.) These values are 

‘ted annually in the Survey of Occupa- 

sal-Injuries and Illnesses in the United 
t24 1993 (BLS, 1995a). 

sze incidence rates pertain to all workers 

} th -gn industry, so that, for instance, sec- 

TWAS retaries and miners within the mining industry 

lea : : are assigned the same risk measure. Since data 

ie Ga occupational injuries and on the gender dis- 
E cibi dói of injury cases were not available un- 
tecently, the standard practice in the 


“oy 


ji S f irsture has been to impute these industry 


Pop: cik values to all individuals in the wage sam- 

TA “by: three-digit industry code. If workers 
F wiih wiih eertain characteristics are in riskier or less 
400s within their industry, however, the 


mye oe 


a mated: ‘returns to risk may be biased.* In 


ee 


$M. 


ean wage model, an individual worker i is 
É ‘for market beliefs about the objective riski- 
7 <6f his or her job. The wage equation for the ith 
: can ave written as 


the log of wage and p; is a random error term. 
aR; is not observed, but is related to the ob- 


ar unobserved risk component associated with 
type of job held by the individual within the 
E equation to be estimated is 


Ji = BR; + Vi, 


„Ki. If e; and u; are uncorrelated with 
vng for the OLS estimator of A and taking 
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order to reduce this potential source of bias, 
many authors limit their sample to male blue- 
collar workers or to workers in manufacturing. 
In addition, other restrictions are typically im- 
posed, such as restrictions to household heads, 
hourly workers, or to full-time employees. 
Even among samples which do not explicitly 
exclude women, such restrictions severely 


limit the number of women eligible for inclu- 


sion in the analyses. 

Given the small samples of female workers 
remaining after such restrictions have been im- 
posed, most authors either exclude women en- 
tirely from the analysis, or include them by 
allowing gender to affect wages only through 
an intercept. While these approaches are rea- 
sonable in the absence of data on gender- 
specific injury experience, they do not allow 
tests of whether women receive a compensat- 
ing differential for the job risks they face. Fur- 
thermore, since women are disproportionately 
employed in white-collar occupations, esti- 
mates of compensating differentials for blue- 
collar workers would not be representative of 
the population of women workers overall. 


I. Gender-Specific Injury and Illness 
Incidence Rates 


In this section, I calculate gender-specific 
injury and illness incidence rates for both in- 
dustry and occupation. Recently, the BLS be- 
gan collecting more extensive information on 
the worker and case characteristics of injury 
and illness cases involving days away from 
work. The restriction of the survey coverage 
to injuries and illnesses involving at least one 
day away from work provides a lower bound 
on the severity of the incidence, and increases 
the homogeneity of the definition of injury and 





the expected Valiie, one can show that the OLS estimator 
of £ is unbiased. The varianct of the error term in equation 


(iii) is larger than in equation (i), so the estimated stan- 


dard errors of the coefficients in the wage regression will 


tend to be larger using group means. If s; is correlated - 


with R; (for instance if women tend to be in less risky jobs 
within industries), then using industry average risk can 
lead to biased and inconsistent estimates. This is a kind of 
omitted variable bias and can be either positive or 
negative. 


AN 
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illness.* These data reveal that female workers 
experience a surprising number of job injuries 
and illnesses. Of 2.25 million BLS-reported 
nonfatal occupational injuries and illnesses 
with days away from work in 1993, one-third 
occurred to women. It is notable that, at least 
in terms of duration, men and women suffer 
injuries of similar severity. The median days 
away from work for those experiencing such 
an injury or illness is five days for both male 
and female workers (BLS, 1995b). Further- 
more, the same five injury types account for 
68—69 percent of the injuries for both male 
and female workers.* 

Although women’s share of injuries of 32.7 
percent is less than their employment share of 
46 percent of private industry employees, the 
magnitude of their injury experience is quite 
surprising since women are largely concen- 
trated in the safer white-collar occupations. 
Taking into account the different levels of em- 
ployment by gender, women face a job risk 
that is 71 percent of men’s. Only 20.8 percent 
of the cases with days away from work in 1993 
occurred in white-collar occupations. Among 
private employees, 69 percent of the women, 
but only 43.5 percent of the men, are em- 
ployed in white-collar occupations. Within 
white-collar occupations, the injury rate for 
women is 80 percent higher than for men. 

To calculate gender-specific industry job 
risk rates, I use data from two BLS tables. 
These tables provide information on the num- 
ber of cases with days away from work in 1993 
by gender for three-digit or four-digit SIC 
code or three-digit occupation. The BLS does 
not calculate gender-specific incidence rates 
for either industry or occupation. Because of 
differences in the information available, I use 
different procedures, described below, to cal- 
_ culate these rates. 


* Injury and illness cases not involving days away from 
work are far more common. There were about 67 percent 
more cases without days away from work in 1993 than 
with days away from work. 

* These injuries are sprains, strains and tears; bruises 
and contusions; fractures; cuts and lacerations; and sore- 
ness, pain, hurt, except the back. 


_ by gender are provided in the new BLS survey: 













A. Industry Incidence Rates ie 
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x BLS Industry Rate, 
where N, = total number of cases of genders $ 
in industry i, and H, = total hours eri 
gender g in industry i. As in equation (1);¥. 
and H represent the total number of nua f- 
illness cases and total hours worked by. d 
employees. 

To calculate gender-specific shares of wii j 
employment hours within three-digit inte Ẹ 
tries, I use data from the Census of Pole | 
and Housing, 1990 (U.S. Department of cei 
merce, Bureau of the Census, [1993] E $ 
percent sample. Since government 
self-employed workers are excluded at ee 
BLS survey used to estimate injury incidee 2 
rates, I restrict the Census sample to pai ai 
ployees in private industry who report wot gf à 
positive hours in the preceding weeks! Paty Ti 
yields a sample of 4,149,478 observations: ie 

Table 1: provides a comparison of the Bb ee 
industry incidence rate and the gender-sP*_ 
rates for the major industry categories: f 
workers in private industry overall, 
justed female incidence rate is 2.2 ae a A A 
iliness cases with days away from work eS 
100 workers, considerably lower than heh E 
average incidence rate of 2.9. Indust.‘ sft 4i 
larger shares of female employees, such £ U 
nance, insurance and real estate, and Ssa $A 
have lower than average risk. As pao ie 
male incidence ratio in the last colu cs 
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"t JNJURY AND ILLNESS INCIDENCE RATES WITH DAYS AWAY FROM WORK BY MAJOR INbustry, 1993° 





in industry” 
45.9 


forestry, and fishing 22.9 
13.5 


10.4 
33.6 


on and public utilities 30.4 
31.0 


53.1 


63.5 
64.7 


Percent female 


BLS Female Male Female/male 
rate“ ratet rate* ratio 
2.9 2.2 3.4 0.65 
4.2 3.5 4.6 i 0.76 
3.3 0.8 4] 0.19 
4.9 1.1 Sa 0.21 
3.3 29 3.4 . 0.75 
4.3 2.5 4.6 0.55 
2.8 1.3 3.7 0.35 
2.7 2.3 3.1 0.74 
1.0 0.9 1.3 0.65 
2.3 2.4 2.4 1.00 
















izaverage women face considerably 

“a men in the high-risk industries 

mining. and construction that employ 

uver women. This indicates that there 

i ser occupational sorting by gender 
eu these industries. 

A correlation between the three-digit BLS 
en nf ies and the female-specific industry 
E 0.67:;The corresponding correlation be- 
LS rate and the male-specific rate 
“LDiS ‘Suggests that estimates of wage- 
see ols for men are likely to be similar 

‘the BLS industry rate or the 


MC rate, but this is less likely to 
women. 


a ational Incidence Rates 


Base Fe does not provide occupational in- 
ie yee incidence rates, so the proce- 
ere timate industry incidence rates 


». Yt a Z 


Lie: in eH a 


cannot be used. A modification of the BLS 
~ equation (1) leads to estimates of occupational 
risk for each occupation k: | 


(3) Gender Occupation Rate 

= (0,/ H) X 200,000, 
where O, = number of cases for gender g in 
occupation k, and H,, = total hours worked 


by gender g in occupation k. Since the BLS 
„does not provide occupational employment 


“values, I again use Census data to estimate em- . 


ployment within each occupation. 

Table 2 lists representative incidence rates 
for occupations with a large number of cases 
for female workers. For comparison, the cor- 
responding incidence rates for men in these 
occupations are also included. While women 
generally face less risk than men within oc- 
cupations, in most the gap is fairly narrow. 


wee 
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TABLE 2——SELECTED INJURY AND ILLNESS INCIDENCE RATES BY OCCUPATION, 1993 ee oe 
pi © a 4 ? ©, 


Percent female 


Occupation title hours in occupation Female rate 
Secretaries _ 98.9 0.46 4 
Bank tellers 91.2 0.83 | 
Cashiers 78.5 1.50 ` 
- Registered nurses l 45 |. 242 
Health aides, except nursing 81.2 7.80 
Nursing aides, orderlies, and attendants 89.2 8.05 
Miscellaneous food preparation 45.8 8.33 
Truck drivers 4.3 9.63 
Laborers, except construction 21.5 9.71 
Public transportation endai 80.0 11.14 





Source: Author’ s calculations. See text. 


Furthermore, within many occupations, such 
as truck drivers and public transportation at- 
tendants, women actually face greater risk 
than men. 


HI. Empirical Specification and Data 


In order to test for the presence of compen- 
sating differentials, I estimate wage equations 
for both female and male workers of the fol- 
lowing form: 


(4) In(WAGE;) = a + 2 RISK; 


ag 2Y; Xi + &;, 


where WAGE is the hourly wage rate; RISK is 
a measure of job risk; X is a vector of explan- 
atory variables such as years of work experi- 
ence, education, union status, and occupation; 
a, f, and y; are parameters to be estimated; 
and £s is a random error term. The prediction 
of hedonic wage theory is that 6 > 0. 
Equation (4) is the standard specification 
used in the hedonic wage literature. Since the 
g; may have different variances in different in- 
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ity. For comparability to the eaan ii l 
sent these standard errors in Table3: 
parentheses. 3 
However, since individuals within | 
same industry or occupation group are? 
signed the same risk rate, the residuals int 
regression for workers in a given indusi 
occupation may be correlated. Standan i is 
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bust estimation of the standard errors, W ji ay 
accounts for the within-group correlation 
industry or occupation.’ I present these 
brackets below the standard errors colt 
for group heteroskedasticity in Table Fi 
To estimate the wage equations, J use # 
from the 1994 Current Population: Su 


> Peter J. Huber (1967) and William ai on 
(1993). The estimations are performed using rats E AA 
lease 5.0 (StatCorp, 1937). ene 
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“U.S. Department of Commerce, Bu- 
5 ar Census. The wage equations 1n- 
oe - orkers aged 18—65 whose hourly wage 

and who provide complete in- 
on all variables used in the analysis. 


x es ctions corresponding to those 
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3 ie by the BLS in the scope of its job injury 

= tection are necessary in order to assign 
measures tO the individuals in the study; 


“1 exclude workers in public adminis- 


233.14 workers. I also’ exclude workers 
“need in the agriculture, forestry, and fish- 
=>. industries. The resulting samples consist 
6037 female and 5,960 male workers. 

sirty wage is the reported hourly wage for 
ascent of the women and 58 percent of the 


Since information on actual work history is 
svailable, I use years of potential experience, 
as age — education — 6. While this 
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ae =s Of face and union status. Differences in 
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IV. Wage Equation Estimates 
A. Female Workers 


Table 3, Panel A, presents coefficient esti- 
mates of the risk measures in the wage equa- 


` tions. Equation (1) uses the customary BLS 


industry risk measure. Based on this measure, . 
there is no evidence of a compensating dif- 
ferential for job risk for women workers. 
However, the estimates based on the gender- 
specific risk measures show strong evidence of 
compensating differentials. The results in col- 
umn (2) using the female-specific industry risk 
measure indicates a wage-risk trade-off which is 


significant at the 1-percent level based on the 


heteroskedasticity-corrected standard errors, al- 
though it is no longer significant using the robust 
standard errors allowing for within-group cor- 
relation. However, the estimates in column (3) 
using the female-specific occupation risk mea- 
sure reveals substantial and statistically signifi- 
cant effects (at the 5-percent level or better in 
1-sided tests ) based on either standard error. The 
magnitude of the estimated wage-risk trade-off 
is larger using the occupation risk measure than 
using the industry risk measure (0.014 and 
0.009, respectively ). 

The results based on gender-specific injury 
and illness incidence rates strongly indicate 
that women do receive a compensating differ- 
ential for their exposure to job risk. To deter- 
mine whether the source of the job risk derives 
from the pervading riskiness of the industry, 
from the riskiness of the worker’s specific job, 
or from both industry and occupation risk 
characteristics, I estimate wage equations in- 
cluding both industry and occupation risk. For 
instance, although secretarial jobs are quite 
safe, secretaries employed in textile mills may 
be exposed to various job hazards, such as cot- 
ton dust, that secretaries in insurance compa- 
nies do not face. 
the BLS rate as well as the occupational rate, 
followed by the estimates based on the female- 
specific industry and occupation rates in column 


® Selectivity-corrected estimates of the wage equation 
for female workers are virtually identical and are available 
upon request. 
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TABLE 3—WAGE EQUATION ESTIMATES? | a l 


Dependent variable: log of hourly wage” 


Mean (standard 
deviation) (1) (2) (3) (4) 
Panel A: Female Workers (sample size = 6,037) 
BLS industry rate 2.48 0.443 ` — — ~0.025 
(1.57) (0.360) (0.388) 
ee wen = [0,927] ; [0.608] 
Female industry rate 2.14 — 0.897* — — 
(1.56) (0.364) 
— [0.953] 
Female occupation rate 1.94 — | — 1362+ 1.369* K 
(2.22) (0.374) (0.401) a 
sa [0.740] [0.739] 4 
Hourly wage 10.60 — — —— — l 
(7.39) 
Adjusted R? | = 0.45 0.45 0.45 0.45 


Panel B: Male Workers (sample size = 5,960) 


BLS industry rate 3.05 —1.959* — — — 1,894* 
(1.67) (0.395) (0.397) 
— [0.646] [0.643] 
Male industry rate 3.35 — —2.042* — — 
(1.80) (0.366) 
— [0.573] 
Male occupation rate 3.23 — — —0.550 —0.465 
(3.58) ; (0.262) (0.260) 
— [0.377] [0.251] 
Hourly wage 13.52 — — — — 
(8.80) 
Adjusted R? — 0.45 0.45 0.45 0.45 


Panel C: Male Blue-Collar Workers (sample size = 3,197) 


BLS industry rate 3.62 1.360* — — 1.319* 
(1.56) (0.452) (0.454) 
— [1.073] [0.079] 
Male industry rate 3.93 — 1.280* _— — 
(1.65) (0.435) 
— [1.032] 
Male occupation rate 5.24 — -— 0.224 0.158 
(3.78) (0.236) (0.239) 
— [0.297] [0.272] 
Hourly wage 10.84 — — — — 
(6.50) 


Adjusted R? — 0.34 0.34 0.34 0.34 
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TABLE 3——Continued. ° 
Dependent variable: log of hourly wage” 
Mean (standard 
, deviation) (1) (2) (3) (4) (5) 
ale Hourly Blue-Collar Workers (sample size = 2,578) 
ite 3.62 1.578* = = 1.470* = 
; (1.52) (0.503) (0.503) 
E a5 [1.133] [1.126] 
3.92 = 1.472* ee = 1.349* 
(1.61) (0.479) (0.480) 
oa [1.085] [1.082] 
n ees sation rate’ 5.42 = "a 0.494** 0.431** 0.418** 
3 se on (3.89) (0.252) (0.254) (0.255) 
E 23 [0.279] [0.275] [0.275] 
10.58 eae _ ads — — 
(6.61) 
one 0.37 0.37 0.37 0.37 0.37 
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‘GH coefficients are multiplied by 100. Data set is March 1994 Current Population Survey. Additional variables in 
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‘gem equation are a constant, potential experience, potential experience squared, education, and indicator variables for 
deca; nonwhite, three regions, and five city sizes. The female equations and the equations for all male workers also 
: iadicators for nine occupations and six industries. The blue-collar male equations also include indicator variables 
fee Occupations and for manufacturing. See text for definitions of variables. 

sadsed errors corrected for group heteroskedasticity in parentheses; standard errors corrected for within-group 


fedieates significance at the 1-percent level, and ** indicates significance at the 5-percent level (1-sided tests). 


in white-collar occupations, the negative 
wage-risk trade-off found for the full male 
sample is puzzling. It is possible that this re- 
sults from pooling workers paid hourly with 
those on salary. For instance, salaried workers 
in risky jobs may be compensated by increased 
opportunities for promotion rather than di- 
rectly for the riskiness of their jobs. However, 
the results restricted to hourly. workers yield . 
significantly negative effects of industry risk 
of about half the magnitude of that found for 
the full sample, while there is no significant 
effect of occupation risk. The results restricted 
to all white-collar workers are similar to those 
found for the full sample, with significant neg- 
ative returns to both industry and occupation 
risk. Estimates restricted to white-collar males 
paid hourly indicate no significant wage-risk 
trade-off using any measure of risk.’ 


7 These results are available upon request. 
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The results reported in Panel C, after mak- 
ing the customary restriction to blue-collar 
men, indicate the customary findings of a pos- 
itive wage-risk trade-off using both measures 
of industry risk, which are significant based on 
the conventionally used standard errors. When 
corrected for within-group correlation, how- 
ever, the large increase in the standard errors 
renders these coefficients insignificant. The 
coefficient of the BLS industry rate is slightly 
larger than that of the gender-specific rate 
(0.014 and 0.013, respectively). In contrast to 
the findings for women, the coefficient on the 
occupational risk measure, although positive, 
is not significantly different from zero in any 
specification. 

Restricting the sample further to blue-collar 
men paid hourly, however, reveals a positive 
and significant effect (at the 5-percent level in 
l-sided tests) of gender-specific occupational 
risk on wages, but the magnitude of the effect 
is about one-third that of industry risk for 
males as well as about one-third of the coef- 
ficient of occupation risk estimated for 
women. Based on the heteroskedasticity- 
corrected standard errors, the results indicate 
a significantly positive wage-risk trade-off for 
industry risk, but once again there is a large 
increase in the robust standard errors corrected 
for within-group correlation which renders 
these insignificant. 


YV. Implicit Value of an Injury or Uiness 
The preceding results demonstrate that 


women and blue-collar men receive a signifi- 
cant compensating differential for job risk. Ta- 


‘ble 4 provides estimates of the wage premia 


for bearing risk and the implicit value of an 
injury or illness based on the estimates pre- 
sented in Table 3. The wage premium per unit 
of risk is Ow/Oq, where w is the hourly wage 
used in the estimation of the wage equations, 
and g represents the risk measure used. Eval- 
uated at the sample means of risk and hourly 
wages, the compensation for female workers 
for average risk is 1.9~2.6 percent of hourly 
wages. Assuming 2,000 hours worked per 
year, female workers at the average risk level 
earn a wage premium of $408—$563 annually. 

Since the injury and illness incidence rates 
are per 100 full-time workers, the implicit an- 


_ value of an injury or illness is around Sng it = 


rr 





as 














(5) ðw/ðq X 100 X 2,000, 


again assuming 2,000 hours worked peg 2) 
for full-time employment. Based one i 
female-specific industry rate, the j implig $8 


while the estimated value based on the œ 
pation risk measure yields an implicit E 
around $30,000. ; 
For comparison, Table 4 also presents or: 
responding values for blue-collar men, E 
values based on industry risk indicate #3: 
men’s higher average risk level results’ a! 
larger annual compensation for risk. The yg] 
ues based on the occupational risk meas 
reveal similar values of annual compensijig.§ 
for female workers and for male hourly Us. eae 
collar workers. The implicit annual valisa Era 
an injury or illness of about $30,000 is i ke; Fi 
to that obtained for women based on the 0 
cupational risk measure. S 


VI. Conclusion 


Women have largely been excluded fe ey 
analyses of compensating differentials EF va a 
job risk since they are predominantly a ay 
ployed in safer, white-collar occupatité.§ 7 
New data reveal that their injury experts 9-9 
is considerable. One-third of the total ijih Ẹ-# 
and illness cases with days away from WA$; ot 
accrue to female workers. Adjusted fora" 
ployment, women are 71 percent as ikë E : A 















grounds, these risks generate compen ` H k 
differentials. Based on S T cuas 
incidence rates for both industry and og 
tion, I find strong evidence of Er = 
wage differentials for the job risk or i" 


only women in the riskier blue-collar j ae 


cant premium for bearing job risk. VArte: 
tional risk has a larger impact on the wap?” ki e 
than industry risk, and when both risk Pee 
sures are included in the wage equations 
occupational risk is significant. In sk 
there is a negative relation between 






All female 


Female Female 
industry rate occupation rate 
k F nsation . 
Eu @ FA menge r $408 $563 
e 1.93 2.66 


$19,631 





$29,023 





Em on coefficient estimates in Table 3. 


Calculated as (q X Ow/Oq)/w. 
Caleulaed as 2w da x 100 X 2,000. 


ain for white-collar men. This is a puz- 
ØB sling finding, since the use of occupation- 
me eeii incidence rates reduces the 
3 < measurement error that may result from im- 
. gating industry risk averages to men in safer 
ng FF te-cola occupations. 
da contrast to the estimates based on gender- 
E specific ‘risk measures, estimates based on the 
BBLS industry rate fail to reveal evidence of a 
l E csapensating differential for job risk faced by 
+ somen,- Imputing this measure of overall in- 
A 7 tisk to female workers apparently re- 
ie Measurement error too great to yield 
anle estimates of the wage-risk trade-off 


pet RCT kc A" 


ms, res 
PIT ea " 


| 


es Aree pp 
Onan Fe 
7 ty 
a 


a a 
* Pier 


E 


F} i 
h $ a 
a 
i vaw fe 4 
a) a + 
r a 4a 
3 


o SEAS 
padi Ai 
"~ 


oF 


n 


Tal 
4: 


TN, 
nA 


AA coma Ba 
wE, 


ani injury or dines are of a ER 
10 that found in this study for male 


val workers. Since women comprise 
percent of the labor force, it is com- 


om ination process yielding ecules 
at on for job risk. 


omy 


y er a” vi ; TS aapt ST "HE Paii vA 
Emi new A i Ma) ae teh s a 
i rs 3 a in fae ar reine 3 
ae i be “ a X T 
: 3 F £ a ; 3 
t 
n o“ > 


at ia 


eS aS 
Nr 


RA ge Sees 
asa 4 7 
mls me ee 


3 Shady sien Estimates Under Non-standard 
oye meee , m Lucien M. Le Cam and 
ga eds., Proceedings of the fifth 
ne osium on mathematical sta- 


Pea f 
Val: 
3 E re 


$ 
Ara e 
Pe 


7, 
1s 
pee 
Ari 
Fe * J 
ig t p 
fa. 
r 
X L 
r d á 
Pad 
Ta 
A 
By a 
da 
e 


H 
& 

z 

b 


yeg 
. et oP ' 

à Fa ne 
SUPE TAY > 
Lt 2 X iw 
ve Vee g 
ma * 
Tem e 


TABLE 4— ANNUAL VALUES OF Risk COMPENSATION’ 





$29,485 
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Male blue-collar Male hourly blue-collar 


BLS Male Male Male 
industry rate industry rate industry rate occupation rate 
$1,067 $1,091 $1,221 $567 

4.92 l 5.03 5.77 2.68 





$27,750 $31,148 





$10,453 





Calculated as q X Ow/Oq X 2,000, where q denotes the risk measure. 
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Did Unilateral Divorce Raise Divorce Rates? 
Evidence from Panel Data 


By LEORA FRIEDBERG * 


— Since early 1996, at least eight states have 
begun to consider rolling back unilateral and 
no-fault divorce—a major reversal of the lib- 
eralizing trend in divorce laws which began 
around 1970.' The proponents of tightening 
the divorce regime often argue that making di- 
vorce more difficult will strengthen families. 
However, both theoretical and empirical evi- 
dence is decidedly mixed over whether the 
‘‘no-fault revolution’’ actually contributed to 
the sharp increase in divorce rates in the 
United States observed over the last 30 years. 

Thorough empirical work on the subject by 
H. Elizabeth Peters (1986) was followed by a 
comment by Douglas W. Allen (1992) and a 
reply by Peters (1992). Using the same cross 
section of women observed in 1979, Peters 
found no role for the switch to unilateral di- 
vorce in explaining rising divorce rates, while 
Allen found a significant impact. The differ- 
ences in their results centered on controls for 
geographical heterogeneity in divorce propen- 
sities. In this paper I address the dispute by 
using a panel of state-level divorce rates. The 
sample includes virtually every divorce in the 
United States over the entire duration of the 
law changes and allows thorough controls for 
heterogeneity in divorce propensities across 
states and over time—which turn out to be 
crucial to the results. Including state-specific 
trends allows unobserved state divorce pro- 
pensities to trend linearly and even quadrati- 
cally over time and reveals that unilateral 
divorce raised divorce rates significantly and 
strongly. 


* Department of Economics 0508, University of 
California-San Diego, 9500 Gilman Drive, La Jolla, CA 
92093, and the National Bureau of Economic Research. I 
wish to thank Jonathan Gruber, Shoshana Grossbard- 
Shechtman, Jerry Hausman, James Poterba, and especially 
Aaron Yelowitz for many useful discussions; anonymous 
referees for their comments; and Margaret Brinig for shar- 
ing her data on state divorce laws. 

! See for example John Leland (1996) in Newsweek. 
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- An additional difficulty in this liter ; fi 2 
arises in defining precisely -what-is unlg eee 
divorce. Peters and Allen disagreed whit: PAEST 
separation requirements qualify as unilštss Sage 
divorce. Margaret F. Brinig and F. H. Bi hic Bode, 


that retain fault grounds for property sens: INA 
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rate. Nevertheless, the evidence shows’ tee a ‘ihe : 
adopting any type of unilateral divorce rit Pri ae ee 
the divorce rate. ete 
I combine both sets of results to arrive: 
final estimates of the impact of unilatenlé ie A 
vorce. The estimates suggest that the divers d po oe | 
rate would have been about 6 percent lowe: ng ge ou 7 
1988 if no type of unilateral divorce had Ba f are 
adopted in those states that switched to utt SEs 
eral divorce after 1968. The move tow me an ; 
unilateral divorce accounted for 17 i 
the increase in divorce rates between 1968 7 
1988. Lastly, I demonstrate that the; 
changes do not appear to be endogenous ae eek 
that the effect of unilateral divorce on di 
behavior was permanent, not temporary: 


I. Measuring the Impact of Unilateral 


The divorce rate in the United States 9% SOE 
in the 1960’s and 1970’s, rising from 22: es 
thousand people in 1960 to 5.0 in 198 ss aTi 
demonstrated in Figure 1 by the e es egies 
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ded simplified their divorce laws. For ex- 
= : = the absence of fault most states used 


divorce, which required the willing- 
8s Of only one spouse to divorce. Most states 
-adopted some form of no-fault divorce, 

mating the need for one spouse to prove 
ression by the other. The lower line in 
‘Shows the rise in the population- 
iting int of states with unilateral 


€ genre unilateral and no-fault divorce, 
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FIGURE 1. THE Divorce RATE AND Divorce LAWS 
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time argued that the motivation for changing 
the laws was to bring law books into alignment 
with actual practice and to eliminate the need 
to assign blame during a divorce, but not to 
make divorce easier. 

A theoretical model of divorce laid out by 
Gary S. Becker (1981) and Peters (1986) 
showed that, under perfect information and 
costless bargaining, a marriage will be dis- 
solved when it is efficient to do so: “... 
when the joint value of the marriage is less 


- 4 This intention is-stated-in the letter of the law in sev- 


eral states, such as Wisconsin. With respect to actual prac- 
tice at the time, studies showed that many divorces did not 
involve real transgressions, regardless of legal require- 
ments (Doris Jonas Freed and Henry H. Foster, Jr., 1979). 
As an example, news stories several years ago reported 
that, while the ex-wife of former Governor Doug Wilder 
of Virginia had divorced him on the grounds of cruelty, 
they had fabricated the grounds in order to obtain a divorce 
which they both wanted. Similar anecdotes suggested to 
the legal and legislative community that blame was not 
necessary to determine whether a couple should divorce. 
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than the sum of the values of opportunities that 
face each spouse at divorce’’ (Peters, 1986 p. 
438). Barring asymmetric information and 
transactions costs, a change in the law from 
mutual to unilateral divorce would not make 
divorce more likely. By the Coase theorem, it 


would simply redistribute property rights from’ 


the spouse who wished to remain in the mar- 
riage to the spouse who wished to leave. Thus, 
under mutual divorce the spouse who wished 
to leave the marriage had to compensate the 
spouse who wished to stay in order to obtain 
the efficient outcome of divorce, while under 
unilateral divorce the spouse who wishes to 
stay in the marriage must compensate the one 
who wishes to leave. The law change would 
alter the property rights and resulting compen- 
sation scheme between the spouses without 
making them more likely to divorce. 


A. Estimation Approach 


The typical test of whether the Coase theo- 
rem applies, and hence the type of divorce law 
does not matter, asks whether people living 
under unilateral-divorce laws are no more 
likely to divorce than people living under 
mutual-divorce laws. Peters (1986) and Allen 
(1992) took this approach, using the same 
cross-sectional data but arriving at different 
conclusions. Both used a supplement from the 
1979 Current Population Survey of individu- 
als’ marital histories. They estimated a logit 
on a sample of those women who reported be- 
ing married in 1975, where the left-hand-side 
variable was one if a woman was divorced in 
1978 and zero if she stayed married. Control- 
ling for demographic variables believed to af- 
fect the likelihood of divorce, they used the 
variation of divorce regimes across states in 
1978 to identify whether unilateral divorce 
raised divorce rates. 

Peters and Allen disagreed about including 
controls for geographic differences in divorce 
propensities. Peters estimated a coefficient on 
unilateral divorce of virtually zero. Allen dem- 
onstrated that, when region dummies and a 
state’s 1970 divorce rate were excluded from 
the regression, the coefficient on the law be- 
came significant and of an important magni- 
tude, implying that unilateral divorce raises the 
probability of divorce by 1.4 percent. He sug- 
gested that the region dummies did not serve 
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but simply absorbed much of the vai oe 
divorce laws.° ive 
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so that the effect of the divorce law is idee | ae 
tified from its variation within a state js #e® 
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vorce in the United States.° | 3 
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teristics which may affect the propensity hë; 
vorce, such as education, number of ¢ iia P 
and age, are included in Z.” 


- 


> Allen also disagreed that the Céase theorem @ ; 
ply to this situation, arguing that marriage is pa 
with perfectly defined property rights and that diva ee 
volves transaction costs. This disagreement does Br 
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related with divorce. ; 
7 Peters estimated a logit, not a linear = To 
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Pet thousand married women, but that informa- 
eh y available. To get at the true divorce rate, 
is Sampling weights to aggregate data from the 
“pulation Survey (U.S. Department Of Coi- 
“eau of the Census) and obtain estimates of the 
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cient on unilateral if the changing factors are 
correlated with the law changes across states 
and if such factors do not change at a national 
level uniformly and get picked up by the year 
effects. The specification in (2) can be relaxed 
further to allow for such changing influences 
within a state over time, as follows: 


(3)  divrate,, = cy + c,*unilateral,, 
+ Co,* State, + C3,* year, 
+ c4 * State, * time, 


+ cs,*state,*time? + Hg. 


Time is a time trend, so the interaction terms 
state * time and state * time’ are linear and 
quadratic trends for each state. They capture 
quadratic trends in state-level characteristics 
that influence divorce, with the slopes of the 
trends allowed to vary across states.'° Thus, 
(3) represents an extremely flexible way to 
control for heterogeneous divorce behavior, 
identifying the impact of unilateral from a 
jump in the pattern of divorce which is distin- 
guishable from a smooth quadratic. While ‘it 
remains possible that this specification still 
does not capture all of the factors explaining 
divrate, additional evidence against the endo- 
geneity of unilateral will be discussed later. 


B. Data 


The longitudinal data on state divorce rates 
cover all 50 states and the District of Columbia 
from 1968 to 1988. The ‘‘no-fault revolution’”’ 
began in 1970 when California replaced all 
fault grounds for divorce—such as adultery 
and cruelty ——with the sole ground of irretriev- 
able breakdown of the marriage. Over the fol- 
lowing decade and a half, every state legalized 
no-fault grounds for divorce. As reported in 


‘Table 1, most states adopted unilateral-diverce 


as well, under which the no-fault grounds do 
not require the agreement of both spouses."! 


10 The use of state-specific linear trends follows Louis 
S. Jacobson et al. (1993). 
'! The information in Table 1 is derived from Freed and 


Foster (1977, 1979, 1981), Harvey. J. Sepler (1981),. 


Freed and Timothy B. Walker (1990), and Brinig and 
Buckley (1998). 
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State 


Alabama 


Adaska - 
Arizona 
Arkansas 


Califomia 
Colorado 
Connecticut 


Delaware 


District of Columbia 


Florida 
Georgia 
Hawaii 

Idaho 

Illinois 
Indiana 

Iowa 

Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 


North Dakota 
Ohio 


(1) 
Unilateral 
divorce 


v 


no 


no 


no 


no 


no 
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TABLE 1—Divorce LAWS, BY STATES 


(2) 
Unilateral divorce, including 
separation requirements 


v 


v 
v 


no, separation grounds allowed 
but separation must be 
mutually agreed 


y 

v 

v 
no 


v, l-year separation 
requirement (s.r.) 


v 
v 
v 
v 

v, 2-year s.r. 
v 
v 
v 
v 

v, l-year s.r. 
v 

v, 5-year s.r.; later 2 

Y 
v 
v 
no 

v, 2-year S.T. 
v 


v 
v 
vy 
v, 18-month s.r. 
¥ 


ho ‘ 


v, l-year s.r., need agreement 
on alimony 


y 


v, l-year s.r. 


(3) 
Unilateral divorce, 
no-fault settlement 


no, fault is considered 
in the settlement 


(f-s.) 


nany ayra - * 


Y 

A 
no, És. 

no 


no, f.s. 


no, f.s. 
no, f.s. 
va 


no, f.s. 


no, f.s. 
v, 1987 
no, f.s. 
Y 
no, f.s. 
no, f.s. 


no, f.s. 


SONO NON 


no, fis. 

no, f.s. 
Y 
no 


no, f.s. 


no, f.s. 


no, f.s. 
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TABLE 1—-Continued. 


(J) | (2) (3) 
Unilateral Unilateral divorce, including Unilateral divorce, (4) 
divorce separation requirements no-fault settlement Since 
ae Y v v, 1975 pre-1968 
v v : v 1973 
no v, 3-year s.r., and court says no, f.s 1980° 
marriage broken 
v v no, f.s. 1976 
no v, 3-year s.r.; later 1 no, f.s. 1969 
v C $ v no, f.s. 1985 
no no, 2-year s.r. if no kids no — 
‘ i. v Sa v no, f.s. 1974 
i ; no v; 3-year s.r. no, f.s pre-1968 
% 7 no v, 6-month s.r. no, f.s pre-1968 
A no v, 2-year s.r. no, f.s pre-1968 
tee v v v 1973 
te . 
BL no v, 2-year s.r.; later 1 no, f.s pre-1968 
ag l 
$ j! no v, l-year voluntary s.r.; if one v 1977 
Gi party disputes it, court 
ory decides if differences are 
a , irreconcilable 
: v v no, f.s. 1977 

















i e ER i) Y, state has unilateral divorce. Unilateral divorce requires the consent of only one spouse and is granted on 
K ttun giounds, No-fauit grounds include irretrievable breakdown, irreconcilable differences, and/or incompatibility. 
aF, ya Hate has unilateral divorce, and the no-fault grounds now include or require separation for a required length of 


win ue 


"ptate has unilateral divorce, and also does not allow fault grounds to be considered for property settlement and 
‘when unilateral divorce instituted. If the law change occurred in the second half of the year, then it is attributed 


A (1981), Peters (1986), Freed and Walker (1990), Brinig and Buckley (1998). 
i on Lof unilateral divorce is disputable. The estimation results were not found to be sensitive to the classification 


also distinguishes among alternative 

zations of divorce laws. For compar- 
 Fesults in this section use Peters’ 
30n of unilateral divorce, which ex- 
©. States where the only unilateral 
§ Separate for a length of time. 
X the Testriction that separation re- 
lave no effect on divorce rates. 


Vital Statistics reports that the data was col- 
lected in an irregular or incomplete fashion. A 
set of dummies, listed in the Appendix, control 
for those instances. A few missing values are 
also listed in the footnotes to Table 2. 


C. Results 


tes by state, reported in Vital Sta- 
nited States (National Center for 
Siis ‘ea 1988), are shown in 
yee e Samp è covers virtually every di- 
is aR, p Suey for 20 years. Itis not com- 
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The coefficient on unilateral turns out to 
be quite sensitive to the. nature of state and 
time controls used, as Allen demonstrated. 
The results of estimating the basic regres- 
sion and then adding state and year effects, 
as in equation (2), are shown in Table 3. 
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TABLE 2——DIVORCE.RATES, BY STATES - 





Alabama 4.4 6.1 6.7 
Alaska l 5.6 i 7.6 8.5 : 
Arizona . ae tee TE ce ee 2 ES . 13 : Zz 
Arkansas 5.5 6.9 | 6.9 
California _ 49 5D 5.6 . - 
Colorado 4.7 6.4 6.3 
Connecticut 2.1 3.6 | 43 
Delaware 2.9 4.6 5.0 a n 
District of Columbia 330 460 6.2 j 
Florida 5.8 he 7.2 5 
Georgia 4.0 5.7 6.2 3 
Hawaii 3.6 49 4.7 
Idaho 4.9 6.2 6.8 
Illinois 3.4 4.3 4.5 
Indiana* | 4.6 6.1 7.0 
Iowa | 2.6 3.5 3.9 
Kansas 3.8 5.2 . 55 
Kentucky 3.3 4.2 4.3 
Louisiana” 2.7 3.2 l 3.8 
Maine 3.7 4.9 5.5 

` Maryland 2.4 Sa 4.0 
Massachusetts 2.1 2.8 3.1 
Michigan 3.4 4.6 4.7 
Minnesota 2.2 3.3 3.8 
Mississippi 3.6 5.0 5.4 

Missouri 3.9 5.0 5.5 
Montana 4.4 5.7 6.2 
Nebraska 2.5 3.6 4.1 


Nevada 20.9 17.2 16.2 
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TABLE 2—Continued. 


Average divorce rate: Divorces per 1000 people 








1968-2 IB- 1978-832 1983-88 
a cm | 3500 5.0 5.5 4.8 
a 1.7 2.8 3.6 3.6 
| 4.3 ws 7.8 7.8 
1.5 3.0 3.5 3.7 
; 2.8 4.0) 4.8 , 4.9 
1.7 7 3.3 3.4 
3.6 4.9 53 4.8 
6.3 7.6 7.8 7.4 
4.7 6.3 6.7 5.8 
2.0 2.9 3.3 3.3 
1.6 3.0 aq 3.8 
ia canika 2.3 3.3 4.3 4.1 
Pes p 2.1 3.2 3.9 3.7 
4.2 61 6.5 63 
4.7 5.9 6.6 5.9 
3.8 4.9 © 53 5.1 
2.2 3.8 4.6 4.5 
2.6 3.3 4.5 4.3 
o 5.3 6.9 6.8 6.0 
i 3.0 4.5 53 5.0 
2.0 2.9 | 3.7 3.5 
ae © 56 © 7 8.0 7.2 


ow ~~ 
aH 


is 
git 


“tages across years are computed using annual state population for weights. 

ce Vital Statistics of the United States (National Center for Health Statistics, 1960—1988). 
ee sie for 1968-69, 1974, 1976-87. 

Des are for 1971-72, 1976, 1978-80, 1982-83. | 
ere for 1970, 1974-80, 1983-85. 7 055 o o= oo oe 


+ 
Xe ‘ 
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on 3.1 has no state or year effects. — fixed effects, which are meant to absorb ev- 
=< coefficient on unilateral is sta- erything affecting divorce behavior at the 
“gntficant and very large, at 1.802 state level that is constant over time. Adding 
s + with an. adjusted R? of 0.314. Sim- state effects drives down the coefficient on 
isos ee obtained with year-effects in unilateral to 0.004 (0.056), while raising the 

o Regression 3.3 adds state explanatory power of the regression to 0.946. 
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TABLE 3—~-REGRESSION RESULTS 
















Dependent variable: Divorce rate (divorces per 1,000 people) 


Independent vartables: 


Unilateral 1.802 (0.087) 1.509 (6.090) 0.004 (0.056) 0.447 (0.050) 
Adjusted R? , 0.314 ` 0.362 0.946 0.976 
oo “Year effects? . No Yes, F = 4.9 Yes, F = 89.0 Yes, F = 95.3 ; 
State effects” No No Yes, F = 217.3 Yes, F = 196.2 
State trend, linear” No No No Yes, F = 24.7 
State trends 

and effects, 

F = 256.0 
State trend, quadratic No No No No 


law is defined according to column (1) of Table | I, Standard errors are in parentheses. Regressions are are yes: 4 
population. N = 1,043. Data for some states in certain years is missing. For others it is incomplete, which is accom 4 
for by a set of dummies described in the Appendix. fe 
* The coefficients on the state effects and trends are shown in Tables 6 and 7. 
° All reported F-statistics have corresponding p-values that are smaller than 0.00005. 


The state effects appear to explain most ofthe and raise the adjusted R? to 0.976. Mor 3 
pattern of divorce, which had previously been _portantly, the coefficient on unilateral is nat 
picked up by the divorce law. larger and has a smaller standard error. 18 f 
estimate of 0.447 (0.050) means that weg 
Adding State-Specific Trends.—-The results eral divorce raised the divorce rate by HE% 
above make it clear that unobserved covariates than 0.4 divorces per thousand aa , 
and unobservable divorce propensities——- - stantial impact relative to the average ¢ 
which may include, for instance, social atti- rate over the period of 4.6. 
tudes, religious beliefs, and family size—are a 
the main determinants of divorce. However, Why State- “Specific Trends Matter. E E 
assuming that they are constant within a state big change in the estimate of unilateral! E 
over 20 years or changing over time but uni- efficient when state trends are added? I It Bee a 
form across the nation is restrictive. State-year cause imposing a flat state divorce pf pe E 
interactions are completely unrestrictive but misspecifies the underlying divorce bela E 
not feasible. State-specific trends, though, are and in turn camouflages the variation ingi 
a feasible alternative that allow the unobserved by the law change. Naturally, imposi ; 
state factors influencing divorce to have a lin- stant state divorce propensities when Warg 
ear trend, with the trend allowed to vary across really trending will bias the estimates ae 
states. The estimated coefficient on unilateral  constants—the estimated intercepts we $ 
retains the same interpretation as before: apos-  flect the average of the trend instead of i 
itive coefficient measures by how much a intercept, which is the state’s initial eee 
unilateral-divorce law raises a state’s divorce propensity only. If, further, the omitted: gre: 
rate, which now might also have a positive or are correlated with the law changes, sa 
negative trend. is omitted variable bias. The resulting pist i | 
Regression 3.4 includes the state-specific be depicted visually, as in Figures 2A ae 
trends. The state trends are jointly significant The upper line in Figure 2A is Califor y ae 
he E 
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tual divorce rate, with the box signaling the 


year of the law change. The lines near the bot- 
tom show what remain of the divorce rate to 
be explained by the law change in each re- 
gression. The dashed line removes the con- 
stant and the state and year effects from 
regression 3.3, arid the solid line removes the 
(negative) state trend as well from regression 
3.4. Both lines jump in the year of the law 
change, but the dashed line from regression 
3.3 ultimately confounds the influence of uni- 
lateral with the omitted downward trend in 
California’s divorce propensity, biasing down- 
ward the estimated effect of unilateral. The 
solid line, on the other hand, demonstrates 
that, controlling for all other influences, the 
law change raised the divorce rate perma- 
nently. Figure 2B illustrates the same point for 
Michigan. While the dashed line obscures the 
effect of unilateral, the solid line shows that 
the law change raised the divorce rate. 

The possibility remains that the unobserva- 
bles exhibit more complex dynamic behavior 
than can be captured by the linear trend. 
Therefore, regression 3.5 adds a quadratic in 
the time trend for each state, which places 
stronger restrictions on the kind of variation in 
the divorce rate that can be attributed to the 
law change. Now, the effect of unilateral is 
identified from a break in the pattern of di- 
vorce that is distinguishable from a smooth 
quadratic. The state quadratic terms in regres- 
sion 3.5 are jointly significant and raise the 
adjusted R*. Meanwhile, the estimated coef- 
ficient on unilateral is virtually unchanged at 
0.441 (0.055), compared to 0.447 (0.050) 
without the quadratics. The estimate of uni- 
lateral’s impact is robust even when the un- 
derlying divorce behavior is parameterized 
very flexibly. 

The strongly significant coefficient on uni- 
lateral when state trends are included indicates 
that both Peters’ and Allen’s regressions were 
misspecified. Unless the individual-level de- 
mographic controls he used fully explain the 
divorce rate, Allen—by omitting any controls 
for state divorce propensities—was naturally 
more likely to find an impact of the law 
change, as regression 3.1 demonstrated. Yet, 
Peters’ approach of including the state’s 1970 
divorce rate was similar to including only the 
state fixed effect as in regression 3.3, obscur- 
ing the impact of unilateral. 



























The theory wanda unilateral dj vag f 
concerned simply with whether one SEN K 
can end the marriage without the consy 
the other, but what constitutes unilatsays"' 
vorce in practice is not so clear-cut. Ons 
son that classifying state laws requires i 3 
care is that most of the legal scholarshi<¢: 
focused on whether divorce grounds a ate iat 
or no-fault, rather than mutual or unilaes- 
However, no-fault divorce is not aoine A 
with unilateral divorce, which is the subjedg: OF EN 
the Coase theorem. A few states (such sg 


aware and Arkansas ) allow no-fault g i E 


classified as having mutual divorce. 
Two. further issues arise in the lass f e 
of state laws, both of which I will test for, Saag) 
states allow unilateral divorce only if the com 
has lived separately for a length of time, Pes: 
classified those states as having mutual diva: $ 


ne 

1 * 
-> E 
wai 


spouse who wishes to leave the ae a 
compensate the spouse who wishes to rei $6 

in the marriage in order to divorce proni ja z 
Allen reclassified separation states as haves: Be ES, 
unilateral divorce but found little change ii- By 
estimated effect of unilateral. This issue ist A 
dressed here more thoroughly by allowing i ra 
the two types of unilateral divorce to haves k 
ferent effects on the divorce rate. According: A 
Peters’ hypothesis, separation requiret Re 
will have an insignificant effect on the dit*. $s 
rate, compared to other no-fault grounds: È ie 
strategy employed here allows separatiod. Er 
quirements to have a smaller, but still S-F 
cant, effect on divorce. od i 

A final issue raised by Brinig and B pe Ae 

concerns the grounds for property seer i 
and alimony. Some states grant no- fat ve 
vorces but still allow fault to be cons g a x 4 
the division of property and determin ae 
alimony. Brinig and Buckley argue © 7 g¢ 4 
considerations in property division -pg 


i as 


cost of divorce for the spouse who W< age 


leave, in effect keeping the property niga, ns y 
the spouse who wishes to stay in the na i 
Brinig and Buckley classify states oof $ 


; 38 
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TABLE 4—ALTERNATIVE CLASSIFICATIONS OF DIVORCE Laws 


Dependent variable: Divorce rate (divorces per 1,000 people) 
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(0.050) 


0.976 
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Dabs on test their hypothesis explicitly by al- 

wit ete effects on divorce for states 
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‘Estimating the Impact of Different 
Unilateral-Divorce Laws 


Yorce. Regression 4.1 explores the im- 
onan divorce with separation 
if Separation requirements raise 
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the cost of divorce, in effect keeping some of 
the property rights with the spouse wishing to 
stay in the mariage, it would be reflected in a 
smaller or insignificant coefficient. In regression 
4.1, the impact of both types of unilateral divorce 
is statistically significant. The coefficient on uni- 
lateral divorce with separation requirements of 
0.167 (0.059) is statistically different from the 
coefficient of 0.450 (0.050) on strict unilateral 
divorce, as indicated by the reported p-value of 
the F-test. Therefore, the effect of unilateral di- 
vorce with separation requirements is substan- 
tially smaller but still positive.” 


'3 I estimated a regression similar to 4.1 but allowing 
distinct effects of different required lengths of separation. 
However, there is not enough variation among states in 
the lengths required to identify them separately. The 
coefficient on a 12-month separation requirement is 
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Regressions 4.2 and 4.3 allow a distinct ef- 
fect of unilateral divorce depending on 
whether grounds for property division are no- 
fault or fault. Even if divorce grounds are no- 
fault, fault considerations in property settle- 
ment and alimony may strengthen the position 


_ of the spouse who wishes to stay in the mar- 


riage. In 4.2 the coefficient on unilateral di- 
vorce with fault property division falls to 
0.392 (0.056), significantly different from the 
coefficient on strict unilateral divorce at a 
96.7-percent confidence level. The coefficient 
on strict unilateral divorce, with no-fault 
grounds for property division, is 0.545 
(0.068 ), somewhat larger than the coefficient 
of 0.447 (0.050) when grounds for property 
division are ignored. 

Regression 4.3 combines the approaches 
taken in 4.1 and 4.2 by allowing for a multiple 
classification of unilateral divorce. In 4.3 the 
coefficient on very strict unilateral divorce— 
unilateral divorce without separation require- 
ments and without fault grounds for property 
division——is reported in the first row and rises 
to 0.549 (0.067). It implies a powerful effect 
on divorce rates, while the other three types of 
unilateral divorce have smaller effects. The 
next largest coefficient is 0.396 (0.056) for 
unilateral divorce without separation require- 
ments but with fault property division. Unilat- 
eral divorce with separation requirements has 
a smaller impact on divorce, with respective 
coefficients of 0.133 (0.091) and 0.192 
(0.078) without fault grounds and with fault 
grounds for property settlement. Though not 
significantly different, the two coefficients are 
in reverse order from what would be expected. 

To sum up, this section finds that the type of 
unilateral divorce a state adopted mattered. The 
strictest unilateral divorce, without separation re- 
quirements or fault considerations in property di- 
vision, raised the divorce rate by 0.549 per 
thousand people-—-11.9 percent of the average 
of 4.6 during the sample period. As Peters and 


statistically significant and about the sameé size as the co- 
efficient on strict unilateral divorce. The coefficients on 
the other lengths of separation are far from being signifi- 
cant. The results indicate that 12 months is not too long 
for the spouse who wishes to leave the marriage to wait, 
when the alternative is mutual divorce, but that waiting 
longer apparently would impose an excessive cost. 


k 


Brinig and Buckley hypothesized, w 























sions of unilateral divorce did have span: 
fects on the divorce rate——but their con’ ae 
still positive. Separation requirements | nme ad 
more of a constraint on divorce behavior i dad 
fault-based property division did, acco, ee 
the evidence. Overall, the results strengthen S Bi EE 4 
clusions about the impact of Switching ti B 


- type of unilateral regime. The estimates fom 3 ; E 


would have been 6.4 percent lower in sa B 
no type of unilateral divorce had been adops DA 
in those states that switched.'* The move a a 3 
wards unilateral divorce after 1968 accogpsy PE 
for 17.1 percent of the increase in divorce ret a 
between 1968 and 1988. eine = 


HI. Additional Results 
A. Endogenous Legislation ` 


Any analysis of how legal changes affeil 
havior raises the question of endogeneity. Int 
case of divorce, it might be that rising dives 
rates caused the law to be changed or that. 
creasing permissiveness towards divorce, whl 
in turn raised divorce rates, did—not that & 
law changes caused divorce rates to rise. Seved 
authors argue against this.'> Also, Peters ass! Fé 
that interest groups of divorcing individual § ihe 
were not part of the debate over no-fault divæč diva 
laws and that proponents of the change verje Re 
marily legal scholars. Unfortunately, it is die 28 
cult to come by instruments in order wi 
properly for endogeneity.’ E 

An indication of whether legislation 1 ne A 
be endogenous can be found in the corel: : 
across states between initial divorce rates 
the likelihood and chronology of the 


"4 Estimating the relationship with the log it A i. 
vorce rate on the left-hand side yields very ee aa 
conclusions. CL ae 

!5 For example, legal scholars Freed and Foster 
and Sepler (1981). ni 

16 An instrument must be correlated with d, 
changes but not with the divorce rate indepen ii 
must also, for the purposes here, vary across state: y 
time. In a time-series study, Sepler used as 2 CV! os ee 
number of articles about no-fault divorce in legal EE gg ae, 
which does not vary across states. Other potential ig “Hog 
ments relate to the composition of the legis anor ef if 
of women, number of divorced people, ae) $ 
ficult tó obtain. 
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aor > Correlation coefficient [only 0.09 (0.56) ] with 
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ing whether States adopted stricter versions 
il divorce. It is 0.27 (0.06) when unilateral di- 
tn 8 Separation requirements .and 0.31 (0.03) 
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TABLE 5—-THE TIMING OF THE RESPONSE TO UNILATERAL DIVORCE 


Dependent variable: Divorce rate (divorces per 1,000 people) © 


5.3 5.4 5.5 
0.489 0.536 0.438 
(0.060) (0.065) (0.055) 
Sample réstricted to: 
1968—1979 
—0.076 —0.117 == 
(0.065) (0.069) 
—0.055 —0.090 — 
(0.063) (0.066) 
— —0.108 = 
(0.062) 
0.976 0.976 0.983 





a ar ‘See the notes to Table 3. Standard errors are in parentheses. Unilateral divorce is defined according to column (1) 


A similar conclusion results from a strategy 
employed by Jonathan Gruber and Maria 
Hanratty (1995). In their regression they 
added a lead dummy variable for whether a 
law change would occur in the subsequent 


year. Under the null hypothesis in which cau- 


sality goes from the law change to the left- 
hand-side variable, the lead dummy should 
have a coefficient of zero. Otherwise, if there 
is reverse causality or some other type of en- 
dogeneity, then the coefficient will be different 
from zero. Regression 5.1 in Table 5 shows 
that the coefficient on the lead dummy of 
0.004 (0.067) is extremely small and statisti- 
cally indistinguishable from zero. 

Therefore, although state divorce propensi- 
ties do appear to be related to whether a state 
adopted unilateral divorce (and what type if~ 
adopted), the evidence bolsters the identifying 
assumption that prevailing state characteristics 





lateral divorce is —0.10 (0.56) when any type of unilateral 
divorce is considered and is of a similar magnitude and 
lack of significance when stricter types of unilateral di- 
vorce are considered. 
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did not influence the timing of the legal 
change. These results support the use of panel 
data to identify the impact of unilateral divorce 
from variation in divorce laws within states 
over time, instead of across states at a point in 
time. 


B. _Timing 

Given the emphasis on the dynamics of the 
unobserved factors affecting divorce, it is in- 
structive to explore whether the estimation 
properly captures the dynamics of how adopt- 
ing a unilateral divorce law affected divorce. 
Two particular issues arise in this regard. One 
issue is whether the response to the law change 
was permanent, as modeled, or 1n fact transi- 
tory. Another is whether the length of the 
panel is appropriate. 

First, the response to the legal change might 
have been a temporary boom in divorce— 
perhaps from a ““backlog’’ of bad marriages 
breaking up earlier than otherwise —rather 
than a permanent change in divorce propen- 
sities. Adding dummies for the years of and 
immediately following the law change indicate 
the duration of unilateral’s impact. If the law 
change has only a temporary effect, we would 
expect a positive coefficient on the lag dum- 
mies and an insignificant coefficient on uni- 
lateral. The results are shown in regressions 
5.2-5.4 of Table 5. In regression 5.4 with 
dummy variables for the year of and two years 
following the law change, the more general 
dynamic structure actually strengthens the 
long-run effect of unilateral, although the es- 
timate of 0.536 (0.065) is not statistically 
different from the estimate in regression 3.4. 
The lag dummies have negative coefficients, 
revealing that the long-run effect was attained 
gradually. In the year of the law change, the 
impact was to raise the divorce rate by 0.419 
[0.536-0.117], and in the following year by 
0.446 [0.536--0.090]. The results demonstrate 
another reason why the estimate of unilat- 
eral’s impact was attenuated using Peters’ and 
Allen’s data—it was a cross section in the late 
1970’s, during the transition from mutual to 
unilateral divorce in many states. 

Another issue involves the appropriate 
length of the panel. A long panel is useful, in 
principle, for capturing the background 
changes in divorce patterns over time. How- 

















ever, if the linear, or even quadratic, ` RA 
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divorce, then the longer is the panel ang’ ap ya 
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Most states switched to unilateral divorce: Pa 
the 1970’s, so the question that arises iy $ 
whether the extra observations in the 1987$ 
add useful information to the specification a 
worsen the estimate of unilateral. 

To see whether the extra years of data ef 
the estimates, regression 5.5 in Table 5; ci 
off the sample at 1979—-still encompasgis 
more than nine-tenths of the law changes, wi 
estimate of unilateral ’s impact in regressig:§ 
5.5 is only slightly different, at 0.438 (0. SiE 
compared to 0.447 (0.050) in regression uy 
with a higher standard error. Adding one yey. 
at a time to the sample period from 1980 a: 
induces relatively small, though not trivid. § 
changes in the coefficient estimates, whid: f 
range from 0.421 to 0.485. A partial explant. 4 
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TABLE 6—YEAR ErrgCTS FROM REGRESSIONS IN TABLE 3 


= 0.943 (0.275) 
= 1.232 (0.275) 
= 1.324 (0.273) 


= 1.269 (0,273) 


E 1.571 (0.271) 
pe 1.540 (0,270) 
= 1.558 (0.272) 
ae 1.286 (0.270) 
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= 1.411 (0,271) - 


1.610 (0.083) 
1.840 (0.083) 
1.972 (0.083) 
1.922 (0.083) 
2.048 (0.083) 
2.211 (0.083) 
2.189 (0.082) 
2.217 (0.083) 
1.974 (0.082) 
1.873 (0.082) 
1.906 (0.083) 
1.913 (0.083) 
1.823 (0.083) 
1.691 (0.082) 
1.728 (0.085) 


1.354 (0.126) 
1.574 (0.143) 
1.683 (0.160) 
1.623 (0.177) 
1.741 (0.194) 
1.895 (0.212) 
1.866 (0.230) 
1.889 (0.247) 
1.639 (0.265) 
1.528 (0.283) 
1.481 (0.301) 
1.476 (0.319) 
1.386 (0.337) 
1.337 (0.355) 


1.227 (0.373) 


Fi Dependent variable: Divorce rate (divorces per 1,000 people) 

re a aa a 
BS as 3.1 3.2 3.3 3.4 3.5 
a 7 3.794 (0.057) 2.866 (0,195) 3.207 (0.175) 3.162 (0.222) 3.251 (0.276) 
aa a — 0.225 (0.275) 0.236 (0.080) 0.221 (0.057) 0.196 (0.076) 
ate — 0.331 (0.276) 0.559 (0.081) 0.483 (0.066) 0.437 (0.123) 
z Ei — 0.510 (0.274) 0.775 (0.080) 0.682 (0.078) 0.614 (0.169) 
iG ; i 0.643 (0.274) 1.089 (0.081) 0.931 (0.093) 0.850 (0.211) 
zs. — 0.837 (0.276) 1.365 (0.082) 1.163 (0.109) 1.062 (0.247) 


1.243 (0.279) 
1.454 (0.305) 
1.558 (0.326) 
1.496 (0.341) 
1.603 (0.352) 
1.760 (0.358) 
1.733 (0.360) 
1.765 (0.358) 
1.524 (0.353) 
1.423 (0.345) 
1.394 (0.336) 
1.416 (0.328) 
1.345 (0.323) 
1.319 (0.323) 


1.220 (0.330) 


The coefficients on the state effects and 


-~ „trends from regression 3.4, shown in Table 7, 


tell us about geographical patterns in divorce 
propensities. Large negative intercepts are 
prevalent in the northeastern and north central 
states, so the propensity of their residents to 
divorce was the lowest at the beginning of the 
sample. But while starting low, the propensity 
to divorce rose somewhat in parts of the re- 
gion, indicated by- the positive coefficients 
on the slopes. Residents of southern states 
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f : - pare 
La ai 
5 TABLE 7—-COEFFICIENTS ON STATE FIXED EFFECTS AND TRENDS IN REGRESSION 3.4 gi 
Coefficient (standard error) Coefficient (standard Gis 
State Fixed effect Trend State Fixed effect Thee 
1 a 
NORTHEAST WEST NORTH CENTRAL (continued) = 
Maine — — North Dakota -2.396 on 
. St. ee. Ce ae atin . (0.357) TS 
-New Hampshire —0.080 —0.001 South Dakota —1.572 oi 
| (0.333) (0.027) (0.349) - 0% 
Vermont -1.481 0.086 Nebraska -1.416 < 
- 0.01 
(0.395) (0.033) (0.285) 0 me 
Massachusetts —1.741 —0.016 Pee 
Kansas 0.096 0.01 
(0.238) (0.020) . (0.266) om 
Rhode Island ~2.125 0.046 +; 
Connecticut —1.552 0.018 Delaware —0.656 ooi 
(0.253) (0.021) (0.368) (0.63) 
MIDDLE ATLANTIC Maryland ~1.112 0.015 
(0.246) (0.028 
: New York —2.271 0.076 F 
s (0.225) (0.019) District of Columbia —0.243 0.047 
(0.349) (0.08 
New Jersey —2.156 0.067 7 
(0.234) (0.020) Virginia —1.164 0.084 
(0.241) (0.08 
Pennsylvania —1.845 0.028 : 
(0.228) (0.019) West Virginia —0.666 0.0 
(0.275) (0.0%; 
EAST NORTH CENTRAL = 
l North Carolina —1.116 oti: 
l Ohio 0.105 0.013 (0.239) (0.058 
7 (0.230) (0.020) pty: 
South Carolina —1.572 o.: 
Indiana 1.412 —0.014 (0.257) (0.028: 
(0.345) (0.022) ae 
l Georgi 45] oik; 
Illinois —0.235 —0.014 nee aoa (0.08: 
(0.229) (0.019) u 
. -00 
Michigan —0.276 —0.032 one a (0.08: 
(0.232) (0.020) re 
Wisconsin ~ 1,823 0.04; EAST SOUTH CENTRAL = 
(0.243) (0.021) 
Kentucky —0.863 
WEST NORTH CENTRAL (0.251) 
Minnesota —1.539 —0.003 Tennessee 0.633 
(0.247) (0.021) (0.245) 
Iowa — 1.428 —(0.000 Alabama 0.773 
| (0.257) (0.022) (0.249) 
2 Missouri 0.319 0.010 Mississippi 0.102 
: . (0.242) (0.020) (0.266) 
Ri 
TERES 
Wee 
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TABLE 7—Continued. 





NO3. | 
Coefficient (standard error) 
E Fixed effect Trend 
ig SOUTH CENTRAL 

ke í 1.827 0.017 
SON (0.271) (0.023) 
a — 1.600 0.034 
ous (0.329) (0.030) 
SS 2.150 0.016 
i i (0.290) (0.023) 
a 1.043 ~0.003 
pt: (0.228) (0.019) 
0.943 ~0.031 
7. Snes (0.342) (0.029) 
BR eee 1.235 ~0.003 
Ve ee (0.336) (0.028) 
fe 2.214 0.006 
y (0.433) (0.035) 
a 1.114 ~0.013 
N (0.263) (0.022) 
ee 0.973 0.146 
g (0.662) (0.063) 
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Coefficient (standard error) 


State Fixed effect Trend 
MOUNTAINS (continued) 
Arizona 2.289 —0.026 
(0.327) (0.025) 
Utah 0.076 0.027 
(0.301) (0.025) 
Nevada 16.679 —~—0.453 
(0.368) (0.029) 
PACIFIC 
Washington 1.905 ~0.047 
(0.249) (0.021) 
Oregon 1.285 ~0.020 
(0.266) (0.022) 
California 1.171 —~0.072 
(0.227) (0.019) 
Alaska 2.120 0.022 
(0.444) (0.035) 
Hawaii 0.046 —0.039 
(0.329) (0.027) 





Hy began with a moderate propensity to 
erce that rose over the period, indicated by 
Hercept coefficients close to zero and positive 
pe coefficients. Residents of western states 

ici with the greatest propensity to divorce, 


oderated in some states.”° 
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= intercept and slope coefficients on Nevada are 
sora ry targe because Nevada is a divorce haven, with 
2," tesidency requirements. This would bias up- 
as coefficient on unilateral if a couple that would 
rece In Nevada now divorces.at home—a story 
TONUTI bý Nevada’s large negative slope coefficient. 
a the very high divorce rate in Nevada is mis- 
are apeo i has an extremely smali resident 


r 


a an 
Pas - Peeve million in 1975 and kept rising. The per- 


tn weighted least squares. 


ze 


Lastly, given the wide variation in divorce 
trends across states, a final check of whether 
unilateral is capturing other effects involves 
adding other state-level covariates to the re- 
gression. They might affect divorce but might 
not be captured fully by the state fixed effects 
and trends. Additional variables correspond- 
ing to Peters’ covariates——education, race, ur- 
banization, income, employment— were 
extracted for women from the Current Popu- 
lation Survey (CPS), March Annual Demo- 
graphic Files (U.S. Department of Commerce, 
Bureau of the Census), and. aggregated by 
state each year using’the CPS weights. Includ- 
ing the extra variables in the regression leaves 
the coefficient on unilateral virtually un- 
changed.” This confirms that the state fixed 


2! The coefficient on unilateral changes at most at the 
fourth decimal place. None of the state-level variables are 


one THI 
effects and trends are capturin g the | 
e ; i jj 

influences on divorce. "portant 


IV. Conclusion 


Using panel data sheds new tighi 
impact of the no-fault revolution On = the 
rates. It shows that the way one faa ivorce 

~- geographical heterogeneity Poets thee for 
mation considerably, as Peters and A eo 
ready demonstrated. But further en al- 


Mash 
controlling flexibly for unohse- rve Pi ca 


ny nye Re See E 
significant at the 90-percent confidence ey 


oe el ‘ino: i 
Statistics on the state fixed effects nii ihe joint F- 


i TE E. tufa 
slightly but remain significant at bette than He i 


Before 1978, not all states are Identifiers ge 
CPS, reducing the sample size by 274. 


decline 
) percent. 
Pubittely in the 
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ee Me : 
of state populations that are corrélateg#ea 
both divorce behavior and the divorce jae 
crucial. This is made possible by usini 


gitudinal divorce data. I assembled a 


tually every divorce in the United States gS DA 
the entire duration of the law changeit a 
estimation reveals a strong influence of ¥ 
lateral divorce: divorce rates would haves- @ 
about 6. percent lower if states haf #3 

adopted unilateral divorce, accounting for |}: 
percent of the overall increase between 'jog: a 
and 1988. The current move to tightening 
vorce requirements can therefore be expda. 


to lower the number of divorces. Howes. SAO: 


hani 
jing 
APPENDIX sor 
y bi be . . ea * ‘ eee i; 
Rts y variables were created to a Count for the following irregularities in the data on dIVORE oth 
wee : Time period Reason oiis 
Mississip i LOIR dong incomplete 
Ada ne LORA 1985 incomplete 
New Mexico — 1974, 1980, 1982-1985 incomplete 
New Mexico OX 1973, 1981-1982, 1986-1987 incomplete 
California LORT Luna, 1984—1985 divorce petitions fi 
Ohio LUR LURG include legal sep 
Indiana IONI tugs incomplete 
Indiana a 160, 1974, 1977-1986 include divorce p 
1077 incomplete 
na ISA ty ld include divorce 
Michi LUON t92 include divorce = 
Dis ict of Columbi Ao incomplete mEn 
m ORT Lung valid divorce ceifa 
R LORN incomplete — LME, 
a a LORN incomplete $5% 
iia SNA incomplete p 
aaae aaa 


"w nne 


Louisiana had incomplete data 


for th < . ` . * timati 

-s t entire series, which is accounted for in the es 
L 1 7 or ’ aa : ‘te 
the Louisiana state effect. The n AIW8xion results are quite similar when the observations. eggi 


above are omitted. 
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Divorce-Law Changes, Household Bargaining, and Married a 
Women’s Labor Supply io 


By JEFFREY S. GRAY * 


The sharp rise m married women’s labor- 
force participation rates over the past quarter 
century attests to the changing structure of the 
“‘typical’’ American family. The conventional 
economic model of household behavior, where 
the head maximizes family utility subject to 
total family resources, no longer seems appro- 
priate. Cooperative bargaining models are the 
primary competing models of household 
decision-making (Marilyn Manser and 
Murray Brown, 1980; Marjorie B. McElroy 
and Mary Jean Horney, 1981). In these mod- 
els each family member has input into the 
decision-making process, where the weight 
given each person’s input depends upon his or 
her opportunities outside the family. Given an 
exogenous increase in a family member’s in- 
come, cooperative bargaining models predict 
that family demand should shift to more reflect 
that person’s preferences. In contrast, the 
pooled-income hypothesis of the conventional 
model implies that family demand is indepen- 
dent of which family member’s income rises. 
These competing models of household behav- 
ior therefore yield different predictions regard- 
ing the impact of public policy targeted at 
individual family members. 

Despite the methodological attractiveness of 
cooperative bargaining models, studies at- 
tempting to reject the conventional model’s 
pooled-income assumption in favor of 
bargaining models have run into empirical ob- 


* Welsh Consulting, 111 University Drive, East, Suite 
205, College Station, TX 77840 (e-mail: jsg@econsulting. 
com). This paper is a condensed version of an earlier draft 
under the same title. I am grateful to Doug Simpson for 
programming assistance; to Karen Folk, Donald Deere, Bill 
Gale, Shoshana Grossbard-Shechtman, Michel Vanderhart, 
Carl Nelson, Robert Schoeni, the late Paul Taubman, and 
an anonymous referee for helpful discussions or comments; 
and especially to Andrew Foster and David Neumark for 
many useful discussions. 
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data on individual income that is cxogenony Bf 
family allocations of goods and time. Chine} 
in individual income in a cross sectiae j (a 
whether earned or unearned, will likely bea: $ 
dogenous with respect to family prefe rea $ 
or prices. Thus, the growing evidence reji ee a 
the pooled-income hypothesis based On Vas: E ; 





























1990; Duncan Thomas, 1990) should be $ 
terpreted cautiously. Significant changes in $ 
vorce laws during the 1970’s, howcies a 
provide a ripe opportunity to test alternating -M 
models of household behavior avoiding.te'% 
endogeneity problem plaguing earlier studia # 
The adoption of unilateral-divorce laws! be: 
led to changes in the frequency and size" 
divorce settlements (Lenore Weitzman, 19%: $ 
Peters, 1986; Yoram Weiss and Robert: i? 
Willis, 1993). Coupled with state laws. ai y 
erning marital property, a state’s adoption $ 
unilateral divorce alters how family assets Etg 

divided when a marriage ends. The potet a: 
redistribution of family wealth at divans 5 
be interpreted as an exogenous and unexpece® § 
shift in the unearned income of each sp 
Because alternative models of Cobol 
decision-making generate different predict? 
regarding the impact this income shit-%3- p 
have on family time allocation, the ot TA 
time-allocation response to divorce 
changes enables the evaluation of the relsi” A 4 
merit of these models. Pai 


vorce laws inde: which either spouse can obtain adit ee i 
without the consent of his or her partner. Some. Sz 
adopted provisions that effectively require ae 


ee > 
cco 7 


consent to obtain a no-fault divorce. Foll ean 
Elizabeth Peters (1986), I classify states as h 
“‘unilateral-’’ or ‘‘mutual-consent’’ divorce aw Riess 
classification scheme is discussed later in the p R 4 
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. H paper tests the predictions made by al- 
y ir : ee zee models of household behavior using 
ee are dama sources: the Current Population 
sextips), the 1/1000 Public Use Micro 
N ra. of the United States Census of Popu- 
_—s and Housing (Census), and the Panel 
“a: -¢ Income Dynamics (PSID). Two years 
5 i ieh of these data sets are used, one year 
y state had adopted unilateral di- 
and a second year when over half the 
ad implemented the statutes. Women 
“in states that did not adopt any 
Reet a their divorce laws serve as a control 
map for examining the behavioral responses 
‘women whose states did adopt uni- 
1n divorce laws. This approach allows the 
eat of law changes to be examined in the 
shaenee of time trend. Using data at two dif- 

; geeemt points in time also allows the test of how 
2 hie ‘adoption of unilateral-divorce laws con- 
l butes to the growth of married women’s 
E. “tabor-force participation. It is possible that 
Bes #25 with high married women’s labor-force 
< peiticipation were the ones that adopted uni- 
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o paaa al studies such as Peters (1986) and 
Teme AEn M. Parkman (1992), both of which find 
E- St residence in a unilateral-divorce state has 


E Peive effect on whether a married woman 
Be. = pates in the labor force. . 
_ Bedtitas, these data suggest that unilateral 
i no significant impact on married 
8 labor fore participation unless the 
Marital-property laws in each state 
a - Marital-property laws play an 
gf Sp hea, Tole in determining how unilateral 
fi cere ite affec ts"each ‘spotisé’s bargaining po- 
paee” Nonetheless, previous studies of the 
TA: divorce laws give little, if any, at- 
-<2 marital-property laws. Once these 
are controlled for, I find that the 
= ap piyi behavior of wives does appear to 
ee States adopting unilateral- 
Oe EA - Data from the CPS and Cen- 
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sus suggest that a wife’s labor supply is an 
increasing function of her bargaining position 
within marriage. 

The apparent responsiveness of married 
women to divorce laws that effectively redis- 
tribute property rights within marriage vio- 
lates the neoclassical model’s pooled-income 
hypothesis. The result is consistent with a 
bargaining model that acknowledges the im- 
portance of a wife’s time spent working at 
home. Data from the PSID reinforce the im- 
portance of home production in household 
modeling, as the changes in the number of 
hours worked by married women in the labor 
market are due largely to opposing shifts in 
their home-production hours. The longitudi- 
nal aspect of the PSID allows us to examine 
the impact of divorce laws on the behavior of 
women who remain married throughout the 
sample period. These results suggest that the 
estimated changes in married women’s work 
responses using pooled cross-sectional data 
may actually understate their true responses. 

The next section discusses the role changing 
divorce and property laws have in theoretical 
models of household decision-making. Sec- 
tion II discusses the data used in the empirical 
investigation, and describes the classification 
of states with respect to their laws governing 
divorce. Section III presents the empirical 
methods used to test the impact of divorce-law 
changes, and reports the findings. Brief con- 
cluding remarks are contained in Section IV. 


I. Bargaining Models and Divorce Laws 


Unilateral-divorce laws allow either 
spouse to end a marriage simply by claiming 
that it has broken down. States’ adoption of 
these laws during the 1970’s placed many 
spouses, who were otherwise protected by 
mutual-consent-based statutes, in vulnerable 
positions. Which, if any, spouse was made 
‘more’ vulnerable depended on state laws gov- 
erning the treatment’ of marital property at 
divorce. Equitable-distribution property 
laws, in principle, protected vulnerable par- 
ties by allowing courts discretion in redis- 
tributing household assets. However, courts 
did not have the same discretion in common- 
law and community-property jurisdictions. 


oe tee 
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Insofar as household assets were dispropor- 
tionately held in the husband’s name, the 
adoption of unilateral-divorce laws led to an 


implicit redistribution of assets towards the ` 


husband in common-law jurisdictions and 
towards the wife in community-property 
jurisdictions. . 

The distribution of assets within a house- 


hold is trrelevant to the conventional neoclas- - 


sical model of household behavior. Instead, 
the household head pools all family resources 
when determining the family’s optimal behav- 
ior. Because intrafamily transfers of asset 
ownership have no effect on household allo- 
cations and decisions, the neoclassical model 
predicts that unilateral divorce should only af- 
fect the time allocations of wives through its 
effect on divorce probabilities. If unilateral di- 
vorce has no impact on divorce probabilities, 
then it should not affect married women’s 
labor-supply behavior. 

In contrast, cooperative bargaining models 
suggest that household behavior is sensitive to 
the distribution of wealth and earning power 
within the family. Bargaining models differ 
from their neoclassical counterpart by assuming 
that husbands and wives cooperatively bargain 
over possible decisions to be made by the 
household. The leverage each spouse has in the 
bargaining process is what he or she can attain 
by electing to dissolve the marriage and make 
decisions as an individual. Changes to divorce 
laws that affect the distribution of marital prop- 
erty at divorce alter each spouse’s leverage in 
the bargaining process, and the predictions 
made by these models. In particular, bargaining 
models predict that a divorce-law change that 
increases (decreases) a wife’s bargaining po- 
sition will cause each spouse’s commodity and 
time use to shift to more (less) strongly reflect 
her preferences. A shift in bargaining power is 
therefore likely to alter married women’s de- 
mand for leisure, where ‘‘leisure’’ denotes all 
time not spent working in the labor market (see 
McElroy and Horney, 1981). How leisure is 
partitioned into pure leisure and home-produc- 
tion activities is important in interpreting mar- 
ried women’s actual labor-supply response to 
changes in their bargaining position. Married 
women’s time allocation response to changes 
in their bargaining positions is ultimately an 






























empirical question that sheds light on the ae 
modeling of individual preferences and fy RIEA Oe 
hold behavior. The remainder of the past BA 
amines empirically the effect of diver 
property laws on marital stability ae 
women’s work decisions. 


Il. Data and Divorce-Law ening: 
For the empirical analysis, states ate 
gorized by the type of marital-property sý | oe 
they have, and whether they adopted unilaterg 4 rae 
divorce between 1970 and 1974. Five sis das 
adopted these statutes between 1975 and 1973: tie 
Because the evidence of bargaining by spots 2a 
in the form of labor-supply changes mayi: E 
place over time, women in these states. aE Be 
not have yet responded to the adoption of t 
lateral divorce by the 1980 survey and wie 
leted from the sample. The primary analysis 
also performed with these states included; 
reported in the Appendix. The findings sug 
that the omission, or inclusion, of these os 
does not alter the results qualitatively. _ 
Most states adopting unilateral dive : 
completely abandoned fault-based statute: 
Some states did retain the option for fault 
vorce, but in practice no-fault grounds are 
erally filed. States that do not qualify as havit: $ip 
adopted unilateral-divorce laws are defined. at 
having mutual-consent divorce laws. This t&:-§ 
egory includes jurisdictions with only $ 
grounds for divorce, those that empl , 
quire mutual consent, and states where ul 
eral divorce is only possible after an exten 
period of separation. These states wheré í 
lateral divorce is possible, but with a lies 
cost, constitute the borderline case. For B 
couples the cost of a lengthy separation £ 
make a mutual-consent divorce more a 
tive. I follow Peters (1986) and do not. debs 
them as unilateral-divorce states.” Table H 


* The analysis is replicated with this group defies se Toe 
adopting unilateral-divorce laws, and with these stated ma ae; 
fined as adopting ‘‘unilateral-divorce-after-seP*™; oe ES 
statutes. The results from each of these specificati ia Fa 
reported in Appendix Table A2. The results 025: tpi 
alternative specifications suggest the labor-supP y.b WAE eee 
ior of wives in these borderline states followed Ssh: 
of married women’s labor supply in mutual-cO®™s, 
vorce states. i 
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TABLE 1—CLASSIFICATION OF STATES BY Divorce Laws 


Marital-property laws 





l + W 
vat i 4 Ar 
é Vets ete alt a ott 


Equitable distribution Community property 





Minnesota Oklahoma California 
Indiana North Dakota Washington 
Kentucky Nebraska Arizona 
sem Oregon Kansas New Mexico 
3 Iowa Michigan Nevada 
L | Maine Delaware 
i j: k ae Wisconsin Wyoming 
off g Colorado 
af District of Columbia Louisana 
Poe ; New Jersey Texas 
Illinois Idaho 
BS os Arkansas 
South Dakota 
Connecticut 
A New Hampshire 
4 fest Virginia Hawaii 
: o Alaska 
3 : Utah 
; Vermont 


EOTS S listed in italics were deleted from the CPS sample due to grouped coding by the CPS. Unilateral-divorce 
«ee States that adopted ‘‘incompatibility’’ and ‘‘irretrievable breakdown’ rounds for divorce between 1970 

aoe the exceptions of Massachusetts, Montana, Rhode Island, Wisconsin, and Wyoming, all states that adopted ` 

= <td So before 1975, Mutual-consent states include those with only-fault grounds for divorce, states that require 

i Mien States that require a lengthy separation before a divorce is granted. Three states, Massachusetts, 

are i oun, switched from common law to equitable distribution during the sample period. 

ae Freed and Henry H. Foster (1973, 1979, 1981); Harvey J. Sepler (1981). 
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states that implemented unilateral divorce dur- 
ing the sample period, and categorizes states 
by their marital-property laws.’ 

.The primary data used is the 1/1000 Pub- 
lic Use Micro Sample of the United States 
` Census of Population and Housing (Census) 
(U.S. Department of Commerce, Bureau of 


the Census). This data is a random sample. 


of households from the entire Census per- 
formed every ten years. Observations from 
the 1960, 1970, and 1980 Censuses are used 
in the analysis. The primary sample is re- 
stricted to include married women ages 18 
to 55 whose husbands are present. Sample 
means for variables used in the empirical 
analysis are reported in Appendix Table A1. 

One limitation of the Census is that it con- 
tains limited information on an individual’s 
hours worked. To analyze this component of 
labor supply, a second data source is used, the 
Current Population Survey (CPS), March An- 
nual Demographic Files (U.S. Department of 
Commerce, Bureau of the Census). Two years 
of the CPS are used, 1968 and 1979. These 
years are chosen to provide a different time 
period for comparison with the Census results. 
Because the 1968 CPS groups smaller states 
together under a single code, the data does 
have limitations in analyzing the impact of 
state laws on individual behavior. States 
grouped together tend to be neighboring states 
such as Alabama and Mississippi. This group- 
ing of states by the CPS will not pose a prob- 
lem in estimation, as long as state specific 
heterogeneity among those states grouped to- 
gether is not severe. However, if married 
women in states grouped together had differ- 
ent propensities to work prior to the divorce- 


+ Five community-property states provide for ‘‘equita- 
ble distribution’’ of community property at dissolution 
(Arizona, Idaho, Nevada, Texas, and Washington). Be- 
cause these states follow community-property laws for 
classifying assets, and because most of these states provide 
for a ‘‘substantially equal’’ division of property (W. S. 
McClanahan, 1982; Robert L. Mennell, 1982), they are 
classified as community-property states. The analysis is 
replicated with community-property Jurisdictions that typ- 
ically follow equitable-distribution guidelines defined as 
equitable-distribution states and reported in Appendix 
Table A2. The results are robust to this alternative clas- 
sification scheme. 
























law change, then the estimation would gee oe 
from omitted variable bias. Comparing igs BE 
force participation estimates using the € a e 
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the magnitude of such biases. States pend 
together having different marital-prgs an 
laws were removed from the sample:gg= 3 $ 
vations from states excluded from the fer: ag is | 
sample were similarly removed from thg tein E e 
sample. CPS sample means are reported a ct ' 
pendix Table A1. ae 
The final data source used is the ey 
sectional sample from the Panel § 
come Dynamics (PSID ) (Survey Ree 
Center). The empirical or uses ise 


the sample period. Moreover, the PSID‘§ S9 
cludes information on the number of fase MA 
worked by family members in households: S 
tivities as well as in the labor market: ‘De. E. 

enables the direct test of how changes in be o 
gaining positions affect wives’ allocation # $ 
hours worked between the household and ie: ars 
market place, and their consumption of less ag 
The limitations of the PSID include its. 5 $8 
tively small sample size. Because behang ae 
changes at the state level are of interest, gia 
limited number of observations in the PSD ; 
particularly problematic. The PSID may E is 
vide insight into how divorce laws affect 1E -2 

ried women’s time spent in home produce 
but these results should be interpreted, 
some caution. ; 
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e 


TABLE 2—DIvorcE LAWS’ IMPACT ON DIVORCE PROBABILITIES 


: ag (1) (2) (3) 
ey sg Differences-in-differences Probit Bivariate probit 
ži ateral —0.002 0.004 0.005 
nE a sel (0.27) (0.55) (0.43) 
Sf change to unilateral ~0.0003 —0.006 0.020 
a common law (—0.03) (—0.64) (1.21) 
eto unilateral 0.006 —0.004 0.001 
af dang (0.79) (—0.63) (0.04) 









totic f-statistics in parentheses. The dependent variable is equal to one if the woman reports herself as 
© ened from her husband at the time of the survey. Probit estimates reported in columns (2) and (3) are 
=Â; ġib), evaluated at the mean of x;. In addition to divorce-law variables, each regression includes an 
P age, years of schooling, children ever born and its square, child in household under the age of six, white, year, 


ires dence, and state dummy variables: The sample in columns (1) and (2) consists of 73,875 married and divorced 
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women ages 18 to 55 from the 1970 and 1980 data sets. The sample in column (3) includes an additional 


‘3 Bail rpever-married women ages 18 to 55 used to estimate the first-stage (selection) equation of the probability of ever-. 
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may received from being married. How- 
gret if the couple can easily make transfers 
bala the marriage, the Coase theorem (R. H. 
Coase, 1960) implies that the frequency of di- 
verge. should be similar for couples facing ei- 
g: ee alee or mutual-consent divorce laws. 
Py. ZÀ SAINI jle of unmarried, married, and divorced 
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: es ds ‘used to empirically test the Coase 
E Bee en's implication that unilateral-divorce 

= $ should have no direct impact on marital 
t: y. Table 2 presents estimates of the im- 
pet of the change to unilateral divorce on a 
'§ likelihood of being divorced in each 
eee marital-property regimes. The spec- 
eras on ludes socioeconomic variables that 
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These divorce-law variables con- 
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sist of interactions between the unilateral- 
divorce variable and each of the marital-property 
variables. Each interaction term captures the 
change in the likelihood a woman in that marital- 
property jurisdiction is divorced following her 
state’s adoption of unilateral divorce relative to 
the change in divorce probabilities of women 
residing in states that did not undergo any 
divorce-law change. Difference-in-difference 
coefficients obtained by estimating a linear prob- 


-ability. model are reported in the first column in 


Table 2. These estimates reveal that unilateral 
divorce has little effect on divorce probabilities. 
As shown in column (2), estimation of a simple 
probit model yields similar results. 

Because divorce is only an option for those 
who are married, the selection into marriage 
should also be controlled for when estimating 
divorce laws’ impact on the probability of di- 
vorce. This selection is taken into account by 
estimating a bivariate probit model with sample 
selection.> Results from the second stage of this . 


5 The selection probit equation is the probability of ever 
having been married; the primary probit equation is the 
probability of being divorced.-The estimator used is that 
proposed by Wynand P. M. M. van de Ven and Berard 
M. S. van Praag (1981). 
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estimation procedure are presented in column 
(3). The coefficient associated with each di- 
vorce-law interaction term is low and insignif- 
icant, suggesting again that unilateral-divorce 
laws have little impact on state divorce rates. 

These results that unilateral-divorce laws did 
not significantly affect marital stability are con- 
sistent with studies using both retrospective 
data (Peters, 1986) and panel data (William R. 
Johnson and Jonathan Skinner, 1986). If the 
adoption of unilateral divorce alters the bar- 
gaining position of couples without increasing 
their likelihood of divorce, then transfers may 
have been made between spouses to prevent 
marital dissolution. One form of transfer could 
be a change in labor-force attachment. 


B. Labor Supply 


evious studies examining the impact uni- 
lateral-divorce laws have on married women’s 
labor supply give little attention to marital- 
property laws. Furthermore, each of these 
studies uses a single cross-sectional data set 
for its analysis. It is possible that states with 
high married women’s labor-force participa- 
tion rates tend to adopt unilateral-divorce 
laws. If so, then an analysis that uses a single 
cross section could yield misleading results. 
This point is illustrated with the estimation of 
wives’ labor-force participation. Column (1) 
in the first panel of Table 3 reports max- 
imum likelihood probit estimates using cross- 
sectional data from 1980. The data suggest the 
probability a wife works in the paid labor force 
increases by 1.6 percent with residence in a 
unilateral-divorce state. This finding is similar 
to estimates found by Peters (1986) and 
Parkman (1992). 

Using data at two points in time enables the 
estimation of how unilateral-divorce laws affect 
the change in wives’ labor-force participation 
behavior. Column (2) presents probit estimates 
using data from both 1970 and 1980. State 
dummy variables are added as regressors to 


é Johnson and Skinner (1986) use a single cross section 
of the PSID when looking at the impact of divorce laws. 
Peters (1986) and Parkman (1992) each use the 1979 
March \ April CPS. 
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TABLE 3-—DIVORCE Laws’ Impact ON Wives’ EMPLOYMENT AND Hours WORKED 


vi omg er slid ate * Ne 

p A Pe 
Ai Mor at > 
ni niet is sh mr 








i $ i Census CPS 

ede 
a (1) (2) 3) (4) (5) 
ray Employed Employed Employed Employed Hours 


cross section fixed effects fixed effects fixed effects fixed effects 


A. Cross section and fixed-effects specifications 


0.016 0.006 = E — 
(2.90) (0.74) 
Ža change to unilateral — — 0.013 0.001 0.78 
afc equitable (1.26) (0.10) (1.54) 
of change to unilateral — — —0.036 0.062 —1.76 
-Steommon law (—2.35) (—3.47) (—2.70) 
Eit change to unilateral — — 0.023 0.048 2.47 
rorce/community (1.96) (3.07) (4.08) 
34,069 63,615 63,615 38,984 38,984 
(1) (2) 
State interactions Fully interacted model 





B. Controlling for 1960 to 1980 trend 
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with equitable-distribution property laws 
is captured by the interaction term between 
the unilateral-divorce and the equitable- 
distribution dummy variables. It is argued that 
women in these states did not experience a 
change in their bargaining position due to the 
implementation of unilateral divorce. This is 
evidenced in the data as unilateral-divorce 
laws have no Significant impact ‘on~ married 
women’s labor-force behavior in these states. 

If a shift in a wife’s bargaining position affects 
her labor-force participation decision, it should 
similarly affect her hours-worked decision. The 
CPS is used to analyze the impact divorce laws 
have on the number of hours a woman chooses 
to work. Column (4) reports probit estimation 
of the impact unilateral-divorce laws have on 
married women’s labor-force participation using 
the CPS data. The estimated coefficients have 
the same sign as those found using the Census 
data. The coefficients are larger in magnitude, 
which might result from the different subsample 
of states used due to coding by the CPS. Column 
(5) presents estimates of married women’s 
hours-worked decisions. Tobit estimation is used 
to account for the truncation of hours worked at 
zero. Unilateral divorce has a similar effect on 
married women’s hours-worked decisions as it 
does on their labor-force participation decisions. 

Therefore, the CPS and the Census both pro- 
vide evidence that a wife’s labor supply is an 
increasing function of her bargaining position 
within marriage. However, it is possible that 
common-law states that adopted unilateral di- 
vorce during the early 1970’s had a slower 
trend in married women’s labor-force. partici- 
pation rates for many years, while community- 
property states experienced an extended 
increase in their married women’s labor-force 
participation rates, independent of their imple- 
mentation of divorce laws. If these correspond- 
ing trends in labor-force participation rates 
preceded the divorce law’s implementation, 
then it would be inappropriate to ascribe 
changes in labor-force participation rates dur- 
ing the 1970’s to the adoption of the laws. Us- 
ing Census data from 1960, as well as 1970 and 
1980, we can control for state trends in the 
labor-force behavior of married women. 

The second panel in Table 3 presents probit 
estimates of married women’s labor-force par- 


ticipation combining data from each 
A trend variable is interacted with ¢ 
variable to control for state-specific 
married women’s labor-force parti 
Results using this specification are 

in column (1). When controlling for 
in participation rates, the estimated į 
the adoption of unilateral-divorce 
married women’s labor-force partici 
community-property and conmimon-]; 
increases in magnitude and remains sj 
at the 10-percent level. Column (2) 
results when the model is fully intera 
the trend variable. This specificatio 
each independent variable to have a 
fect. The results using this specific; 
similar to those reported in column (1 
fore, the observed changes in. 
women’s labor-force participation fi 
the adoption of unilateral divorce ci 
explained by different longer run stat 


C. Home Production and Leis: 


Whether the observed changes in 
women’s labor supply results from ch 
their leisure consumed or their home 
tion hours has important implication: 
proper modeling of household behavit 
4 presents estimates of how divorce lai 
the allocation of a wife’s time amon 
market work, home production, and 
leisure activities. The determinants of 
time spent in the labor market and i 
production are estimated jointly ui 
expectation-maximization algorithm | 
Dempster et al. (1977). The determi 
leisure are then calculated such that, 
of the coefficients of each variable in 
tem equals zero (see McElroy, 199 
first three columns use a sample of, 
women from the 1970 and 1980 survé) 
PSID.* While the point estimates pres 

® Due to the small sample size of the paes 
are unrepresented, while others have very * 
tions. As a result, each state’s married wom vit 
force participation rate in 1970 together 
division dummy variables are included [0 
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TABLE 4—Divorce Laws’ IMPACT ON MARRIED WOMEN’S TIME ALLOCATIONS 
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; 8 power, and increases in states 
ives’ s bargaining power increases.’ 
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al Sia error associated with home-produc- 
Maid contribute to the i imprecision of the 
pies bp a all ho - If measured home hours is not ex- 
as ce faa activities, then the lei- 
wee Ould also reflect these unobserved tasks, 
ated impact of divorce laws on pure lei- 
t aw and community-property states 
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i ions variables are included rather than state dummy variables. Tobit estimates reported as 6;- TA 
dat the mean of x;. Sample used in first three columns consists of a pooled cross section of married women in 


These results suggest that the changes in labor- 
market activity found using the Census and the 
CPS is likely due to wives changing their com- 
mitment to home production. 

These findings have implications for the na- 
ture of household preferences over a wife’s non- 
market time before the divorce-law changes. 
Assuming the husband and wife’s utility 
functions are monotonically increasing in her 
leisure and in her home-production time, the 
results are consistent with the standard co- 
operative bargaining model when the wife 
places a relatively higher value on an addi- 
tional hour of her leisure than her husband, 
but he receives relatively greater utility from 
an additional hour of her home-production 
time than she does. Given these preferences, 
the cooperative bargaining model predicts 
that an increase in her bargaining position 
will lead to a decrease in her home-produc- 
tion time and an increase in her time spent in 
leisure. The empirical results using the Cen- 
sus and the CPS are consistent with these pre- 
dictions, where the magnitude of a wife’s 
change in her home production time follow- 
ing the divorce-law change dominates the 
magnitude of her change in leisure hours. The 
net result is the observed finding that a wife’s 
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labor supply is an increasing function of her 
bargaining position within marriage. 

The empirical analysis so far has been re- 
stricted to using pooled cross sections of mar- 
ried women. These samples include women 
who married following the adoption of the di- 
vorce laws, so prenuptial contracts could be 
drawn to mitigate the impact of the laws. 


‘Moreover, the adoption of unilateral-divorce ` 


statutes may alter the likelihood certain types 
of women enter or exit marriage in each mar- 
ital-property regime. Unfortunately the data do 
not offer any compelling identifying variables 
that would permit the estimation of a joint 
model of marriage, divorce, and time alloca- 
tion. An alternative approach to address selec- 
tion into and out of marriage is to compare the 
results found above to those found when re- 
stricting the sample to women who remain 
married throughout the time period that the 
laws were introduced. Results from this alter- 
native approach are reported in the last three 
columns of Table 4. With the exception of 
married women’s labor-market response to an 
increase in their bargaining power, the esti- 
mates increase in magnitude and significance 
when using the subsample of women who re- 
main married throughout the sample period. 
This indicates that selection may be taking 
place into and out of marriage that mitigates 
the observed behavioral responses when using 
pooled cross sections of married women. "° 
Due to the relative changes in the sizes of the 
coefficients, the estimated impact of a decrease 
in a wife’s bargaining position on her leisure 
consumption becomes positive. Thus, when 
their threat point decreases, it is sufficient for 
most wives to shift their allocation of work 


10 An earlier version of this paper, Gray (1994), uses 
the Census sample to determine whether unilateral-di- 
vorce laws led to any selection taking place into and out 
of marriage along unobservable characteristics. This se- 
lection is identified via estimated interaction effects of di- 
vorce laws with age, race, and education on marriage, 
divorce, and labor-force participation probabilities. The 
findings suggest that the adoption of unilateral divorce 
may have led to a selection of high-wage women out of 
marriage in states with community-property laws. Less se- 
lection appears to have taken place by married women out 
of common-law states. Tables summarizing these results 
are available from the author upon request. 
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hours from the labor market to home #2 
tion, without decreasing their consumes 
leisure. This suggests that husbands Í 
high value on their wives’ time spent wa 
at home. wm 


IVY. Conclusion 
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P 


~ “This paper examined married womey 


_ sponses to the reassignment of property, 


within marriage brought about by p 
changes in divorce laws. Three separate 
sources were used to obtain three prin 
findings. First, consistent with the Coa 
orem, the reassignment of property pi 
within marriage does not lead to an jne 
in the likelihood of divorce. Second, » 
who were favored by this reassignme: 
property rights increased their labor $ 
and wives who were disadvantaged deer 
their labor supply, relative to married wi 
who did not face a redistribution of m 
property rights. Third, these changes in 
hours of market work primarily reflect che 
in their home-production hours rather 
changes in their consumption of leisure 
second finding provides explicit eviden 
jecting the neoclassical model’s assumpt 
income pooling within the household. 
finding also appears inconsistent with thé 
dard bargaining model of household behe 
if leisure is defined as nonlabor markét’ 
However, the third finding illustrates tht 
empirical results are consistent with the 
dard bargaining model, so long as non® 
time is divided between leisure and hom 
duction time. . the 
While the empirical results stress 
portance of home production in m0: 
household behavior, they also have dires 
icy implications. In an attempt to imp” 
economic position of divorced women, = 
states are considering replacing their: 
ble-distribution property laws with ¢ of 
nity-property laws. The findings in this? 
suggest that these proposed prop“ 
changes may provide additional incest 
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individuals in families that do not dissolve. 
These indirect effects should not be ignored 
when designing effective social and economic 
policies. 


ee celfare implications for divorce-law 

fe givorce-law change that alters the 

Jan: ajell-being of divorcing women and 
dren will also impact the welfare of 
pa 


APPENDIX i 


TABLE Al—-SAMPLE MEANS 


Divorced or 














Married, spouse present separated Never married 
(1960) (1970) (1980) (1970) (1980) (1970) (1980) 
A. Means from Census | 

37.25 37.11 36.72 37.28 36.25 25.79 24.97 
10.66 11.48 12.25 10.26 11.92 11.33 12.63 
0.42 0.35 0.30 0.27 0.16 0.12 0.09 
2.39 ` 2.51 2.27 2.47 2.19 0.23 0.29 
0.89 0.89 0.84 0.70 0.69 0.79 0.70 
0.71 0.73 0.80 0.85 0.85 0.81 0.86 

0.00 0.00 0.43 0.00 0.45 0.00 0.41 
0.44 0.44 0.40 0.43 0.41 0.47 0.42 
0.21 0.22 0.24 0.26 0.28 0.21 0.24 
stribution 0.35 0.34 0.36 0.31 0.32 0.32 0.34 

; 17.42 23.14 23.99 = = = = 

12.61 18.09 18.58 = es es a 

0.42 0.53 0.64 Be s = = 
29,595 29,595 34,069 3,372 6,888 6,794 11,277 

Means from CPS Means from PSID 

Cross sections Cross sections | Married throughout 

_. (19%8). , _(1979)_ (1970) (1980) (1970) (1980) 
B. Means from CPS and PSID ; a 

T 0.54 0.65 0.58 0.71 0.57 0.68 
2 13.61 22.37 13.81 18.42 12.41 17.55 
z = = 33.75 28.24 35.77 30.09 
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TABLE Al—-Continued. 


Means from CPS . -Means from PSID BES 








Cross sections Cross sections 
Variable (1968) (1979) (1970) (1980) (1970) 


B. Means from CPS and PSID— Continued 





` Leisure hours : — — 120.46 121.35 l 19.83 
Age 3742 36.53 36.52 3669 32.72 
Years of schooling 12.33 13.06 4.34 4.63 4.50 
Child under six 0.36 0.31 0.63 0.61 0.61 
Children 1.95 1.64 1.76 1.33 2.11 
White 0.91 0.91 0.89 0.89 0.91 
Nonlabor income 0.83 1.49 2.97 4.71 2.35 5 
($000) 
Husband earnings 12.95 13.78 18.77 19.39 20.10 
($000) 
Urban 0.65 0.69 0.63 0.63 0.64 
Unilateral divorce 0.00 0.40 0.00 0.41 0.00 
Common law 0.50 0.42 0.44 0.41 0.45 
Community property 0.22 0.23 0.17 0.16 0.15 
Equitable distribution 0.28 0.35 0.39 0.44 0.40 
Sample size 20,259 18,725 1,363 1,218 668 ¥ 


Notes: Each sample contains women ages 18 to 55. The three data sources have different definitions for some ge : 
(such as years of schooling, urban residence, and nonlabor income). However, the definitions are consistent wifi = 
sample. : 





Effect of divorce-law change to: (1) - 2 (3) (4) 
Unilateral divorce/equitable 0.012 0.010 0.016 0.015 ; 
distribution (1.21) (1.07) (1.51) (1.40) p 
Unilateral divorce/common law —0.033 0.038 —0.015 —0.035 i t A 
(—2.36) (—2.45) (—1.16) (-2.23) -ra 
Unilateral divorce/community 0.021 0.022 0.020 0.025 
property (1.89) (1.85) (1.76) (2.09) 
Unilateral divorce after separation/ — — — 0.022 iag 
equitable distribution (0.76) A AAN 
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2 TABLE A2—Continued. 
Seg divorce-law change to: (1) (2) (3) (4) (5) 
ae divorce after separation/ — S Le 0.025 = 
(1.15) 
h divorce after separation/ — -n = —0.018 = 
ity property (-0.61) 
63,615 67,439 63,615 63,615 63,615 







See notes to Table 3 for regression details. Asymptotic t-statistics in parentheses. Probit estimates reported in 
zas 0)-(5) are ƏP;1əx; = -Br (iB), evaluated at the mean of x;. Column (1) reports linear probability estimates 


“ Faseline regression. States that adopted unilateral divorce between 1975 and 1980 are included in estimates reported 
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Caps on Political Lobbying 


By YEON-KOO CHE AND IAN L. GALE* 


legislator’s intervention.’ Third, a perception 
that campaign contributions purchase influ- 
ence may lead to increased tolerance of cor- 
ruption in the private sector. 

A desire to control campaign spending has 
spawned many initiatives to limit both cam- 
paign contributions and spending, beginning 
with the passage of the Federal Election Cam- 
paign Act (FECA). Political action commit- 
tees can contribute at most $5,000 per election 
to a candidate, while individuals can contrib- 
ute at most $1,000. (Restrictions have also 
been put on in-kind contributions, making it 
more difficult to circumvent these limits.)* 
While direct restrictions on campaign spend- 
ing have proven difficult to implement, recent 
initiatives aim to impose voluntary spending 
limits and stricter limits on contributions.” 

Despite the existing legislation and the pro- 
posals to limit contributions, little 1s known 
about the impact of contribution limits on ag- 
gregate expenditures. While it is intuitively ap- 
pealing that aggregate expenditures would 
drop, we challenge that intuition here. We 
study a lobbying game and show that a cap on 
individual lobbyists’ expenditures may have 
the perverse effect of increasing aggregate ex- 
penditures and lowering total surplus. This 
result suggests that a cap on campaign contri- 
butions may increase aggregate contributions.° 


7 In one legendary case, five senators met with officials 
of the Federal Home Loan Bank Board on behalf of a 
banker who had contributed $1.3 million to the senators 
and their parties (Alexander, 1991 pp. 116-17). 

* Recent legislation restricted the types of gifts that 


terly, 1995a). , 

5 Mandatory spending limits were struck down by the 
Supreme Court in Buckley v. Valeo, 424 U.S. 1 (1976). 
The FECA was then amended to incorporate public fund- 
ing for presidential candidates who voluntarily accept 
spending limits. Some recent proposals include voluntary 
spending limits for congressional campaigns and stricter 
contribution limits (Congressional Quarterly, 1996). 

é Lobbying organizations provide a large and growing 
fraction of total campaign contributions. For example,- 
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The next section presents the model and de- 
scribes the equilibrium when lobbyists are un- 
constrained. We then solve for the equilibrium 
when lobbyists face a cap on individual ex- 
penditures. When a cap constrains the high- 
valuation lobbyist, a lobbyist with a lower 
valuation for the .political prize becomes rela- 
tively-more aggressive. As a consequence, to- 
tal lobbying expenditures may rise. Since the 
high-valuation lobbyist’s probability of win- 
ning the prize drops, the cap reduces total sur- 
plus if private and social valuations coincide. 
Concluding remarks are contained in the final 
section. 


I. The Model 


Two risk-neutral lobbyists seek a political 
prize.’ The prize could be a government con- 
tract, a military base, or a license to produce a 
good or service. An incumbent politician de- 
termines who will receive the prize. Ethics leg- 
islation prevents the open sale of political 
prizes, so the politician will award the prize to 
the lobbyist who spends more. We do not 
model the politician’s objective function ex- 
plicitly, but two interpretations of her behavior 
are possible.® First, the politician may be self- 
interested. A self-interested politician wishes 
to extract rents from the lobbyists. Although 
she cannot sell the prize openly, the politician 
may accept campaign contributions or in-kind 
contributions.” Second, the politician may be 
benevolent. In this case, the politician wishes 
to award the prize to the lobbyist who will add 


PACs contributed nearly half of all money spent by in- 
cumbents in the 1992 elections for the House of Repre- 
sentatives (Levitt, 1995). 

’ Another interpretation of the model is that the lob- 
byists are candidates for political office, and the candidate 
who spends more will win. 

8 A complementary view is that lobbying is directly 
informative (see David Austen-Smith and Wright [1992] 
or Austen-Smith [1995 ]). The information might concern 
the impact on constituents of pending legislation, and it 
could take the form.of technical research or public opinion 
surveys, for example. 

” Even if the politician wished to hold a standard auc- 
tion rather than.an all-pay auction, it might be difficult to 
commit to return contributions from unsuccessful lobby- 
ists, or for lobbyists to commit to make a contribution if 
awarded the prize. 
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analyzed by Arye L. Hillman and a = 
Riley (1989) and Michael R. Baye. ; 


submit nonnegative bids simultaneous: 


the prize is awarded to the highest na Bae 


contributions are not hace returned: F] E oe: 
efforts are unsuccessful. The all-pay auci i 
also appropriate for other rent-seeking gaze: 
such as labor-market tournaments, as well 
for research and development contests ‘Ey 
We analyze the all-pay auction when be 33 
ders face an exogenous cap on bids. In keep 34 
with the all-pay terminology, we refer {0 I ‘ee 
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fwaique pair of cumulative distribution func- 
fee. Boas for equilibrium bids. We focus on these 
ieee cases first, followed by the nongeneric cases 
ff #=,v,/2 and m = v,/2. For small values 
f afm, the equilibrium is in pure strategies. For 
a. eget Values, it is in mixed strategies, although 
p: 2 still differs qualitatively from the equilib- 
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shows that there cannot be mass points in the 
interval (0, m). A sketch of the proof follows. 
If both bidders have mass points at a particular 
bid between zero and m, then each has an in- 
centive to move the mass higher, since the 
(conditional) probability of winning would 
then jump up. (The same argument holds if 
both have mass points at zero.) If exactly one 
bidder has a mass point at the bid, then the other 
bidder will not place density immediately be- 
low that bid, since it would be preferable to 
move such density above the mass point. But it 
is profitable to move the mass lower if the other 
bidder has no density just below the mass point. 
Since there is an incentive to change bids in 
both cases, there cannot be mass points in (0, 
m) in equilibrium. Proposition 1 of Hillman and 
Riley (1989) contains a proof for the case with- 
out a cap on bids (Le., m = ©). 


LEMMA 1: Neither bidder has a mass point 
at any bid b E€ (0, m). At most one bidder has 
a mass point at zero. 


An implication of Lemma 1 is that bidder 
i s expected payoff from a bid b € (0, m) is 
v; F;(b) — b, since there is zero probability that 
bidder j will also bid b. Another implication 
is that there cannot be a pure-strategy equilib- 
rium here unless both bidders bid m. We now 
determine the lower limit of bids made in equi- 
librium. The proofs of the next two lemmas 
are in the Appendix. 


LEMMA 2: If m E (v2/2, v2), both bidders 
have an infimum bid of zero. If m < v,/2, both 
have an infimum of m. 


Lemma 2 implies that the equilibrium bids 
are b, = b, = m when m < v,/2. We now show 
that there is a gap in the set of possible equi- 
librium bids when m € (v2/2, v2), and that 
both bidders have mass points at the cap. 


LEMMA “3° Siippose that m `€ (v2/2, vz). 
There exists a constant b' such that both bid- 
ders place nonzero density on every b &(0, 
b'] and zero density on every b € (b', m). 
Both bidders have mass points at m. 


The lemmas provide necessary conditions 
for equilibrium distribution functions, We now 
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find the unique pair that satisfies these condi- 
tions. Consider m € (v2/2, v2). We first deter- 
mine the distribution functions that make the 
bidders indifferent among all bids in (0, 
b'] U {m}, as required by Lemma 3. We then 
find the equilibrium value of b’. 

Since bidder 1 must be indifferent among 


all bids in (0, b'] U {m}, each bid in that set 


must yield the same expected payoff. That is, 
(1) v F(b)-b 
=v | F.(b’) + (1 — F:(b'))/2] —m, 


for all b € (0, b']. The left-hand side gives 
the expected payoff from bidding b € (0, b’], 
while the right-hand side corresponds to a bid 
of m. (When bidder 1 bids m, there is proba- 
bility 1 — F(b’) that bidder 2 also bids m. 
The tie is broken in bidder 1’s favor with prob- 
ability '/.) Similarly, a bid b € (0, b’] yields 
bidder 2 


(2) v.F,(b) — b 


=v,[ F\(b') + (1 — F,(b’))/2] -m. 


We now use (1) and (2) to show that bidder 
2 has mass at zero. Straightforward algebra 
implies 


(3) ul — F.(b)] =v[1 — F,(b)], 


for all b € (0, b’].'© Lemma 1 states that the 
bidders cannot both have mass points at zero, 
so either F, (0) = 0 or F,(0) = 0. Since v, > 
v, (3) implies 1 — F,(0) < 1 — F,(O), so 
F,(0) = 0 and F,(0) = J — (v2/v,)."7 

The distribution functions can now be spec- 
ified for bids above zero. Bidder 2’s equilib- 
rium expected payoff is zero, since a bid of 
zero yields v,F',(0) = 0, so (2) implies 


(4) v2F\(b) — b = 0, 


'? Rearranging (1) yields m — b = v[(1 + F(b’)X) 
2] — v: F(b), som — b' = v [(1 — Fa(b’'))/2]. Adding 
these two equations yields 2m — b — b’ =v [1 — F,(b)]. 
Repeating the exercise for bidder 2 yields 2m — b — b’ = 
v.fl — F,(b)]. 

7 Since (3) holds only for b > 0, we use the fact that 
lim, oF; (5) = F; (0). 
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preempt, but it is large enough that the in- 
crease in bidder 2’s aggressiveness outweighs 
the decrease in bidder 1’s. For lower m, the 
expected revenue is strictly lower with a cap 
than without. Expected revenue is graphed’ in 
Figure 2, as m varies. 

Total surplus is (weakly) lower with a cap 
than without. When m > v,/2, bidder 1’s prob- 
ability of winning is the same as without the 
cap, so total surplus is unchanged. When m < 
v,/2, however, bidder 1 wins with probability 
'ly < 1 — (v./2v,), making total surplus 
strictly lower than without a cap. 

We now consider the nongeneric cases of m = 
v,/2 and m = v,/2. If m = v,/2, then there is an 
equilibrium in which b, = b} = m. There is also 
a continuum of equilibria in which bidder 2 places 
mass of v/v, or more on m and the remainder on 
zero, while bidder 1 always bids m.” If m = v,/ 
2, then there is an equilibrium of the form de- 
scribed in Lemma 3, but there is also an equilib- 
rium in which bidder 1 randomizes between zero 
and m, while bidder 2 always bids m.” 
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1? The proof of Lemma 2 showed that an infimum bid 
in (0, m) was inconsistent with equilibrium, so only zero 
and m can be infimum bids here. The bidders can have 
different infimum bids only if one always bids m while 
the other randomizes between zero and m. 

20 The latter equilibrium requires m = v,/2 = vq, or else 
bidder-2 is not optimizing. (The cap does not bind if m = 
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The qualitative results from these cases mir- 
ror the earlier results. Bidder 1’s probability of 
winning is lower in these equilibria than in the 
case without a cap, so total surplus is again 
lower. The equilibria for m = v2/2 again show 
that expected revenue can be higher with a cap 
than without. 


=F, z . "m 


Iii. Concluding Remarks 


We have shown that an exogenous cap on 
bids in an all-pay auction (weakly ) reduces the 
probability that the high-valuation bidder wins 
and increases the seller’s expected revenue. 
When lobbying is seen as an all-pay auction, 
the results imply that limits on individual ex- 
penditures may increase total expenditures and 
lower total surplus. A cap on campaign con- 
tributions may therefore have the perverse ef- 
fect of increasing aggregate contributions 
while lowering total surplus. 

This paper also contributes to auction the- 
ory. We have characterized the equilibrium of 
the all-pay auction in the presence of an ex- 
ogenous cap on bids. The results are applicable 
to a range of contests in which a limit is im- 
posed on effort or expenditure, or in which 
contestants are constrained because of limited 
endowments. For instance, caps may increase 
total expenditures and lower total surplus in a 
war of attrition that would exhibit preemption 
in the absence of caps.*’ Limiting individual 
expenditures on research and development 
could increase total expenditures, and shorten 
the expected time to innovation. We conclude 
with a further discussion of robustness and im- 
plications of the results. 


A. Additional Bidders 


Suppose that there are n > 2 bidders, with 
valuations v; > v > ++- > v,. In the absence 


u,/2 > v2, so this case does not arise.) This equilibrium is 
unappealing in the sense that mass is put on a bid that is 
weakly dominated. Bidder 1 is indifferent between zero 
and m, but if bidder 2 might tremble and not bid m, then 
a bid of m would strictly dominate a bid of zero for bidder 
1. The same point holds for the equilibria in which bidder 
2 randomizes between zero and m. 

2! These preemption results are discussed in Drew 
Fudenberg and Jean Tirole (1991), for-example. 
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There are related studies the conclúsions of 
which are consistent with the predictions of 
this paper. Several researchers have found that 
close electoral contests induce greater contri- 
butions (see James F. Herndon, 1982; Keith 
T. Poole et al., 1987, for example). To the 
extent that caps on campaign contributions 
make elections close, this finding is consistent 
with the prediction of our paper. 


APPENDIX 


PROOF OF LEMMA 2: 

Let b* = inf {z] F,(z) > 0} denote the in- 
fimum of bidder 1’s bids. We first show that 
only zero or m can be infimum bids in equilib- 
rium. Suppose instead that bidder 1’s infimum 
bid is b* € (0, m). If bidder 2 makes a bid in 
(0, b*), he loses with probability one. Since 
a bid of zero is better, bidder 2 must have zero 
density in (0, b*).*° This means that bidder 1 
could profitably move density in (b*, b* + 
€*) arbitrarily close to zero. For b E (b*, 
b* + ¢*), the payment would drop by b. The 
probability of winning would drop by only 
F,(b) — F,(0) = F(b) — F,(b*) < 
F (b* + &*) — F,(b*), however. This last 
term is of order e«*, by Lemma 1. It follows 
that moving the density raises bidder 1’s ex- 
pected payoff, for some e* > 0. Since a prof- 
itable deviation exists, an infimum bid of b* 
E (0, m) cannot occur in equilibrium. The 
symmetric argument shows that bidder 2 can- 
not have an infimum in (0, m) either, so only 
zero and m are possible infimum bids in 
equilibrium. 

The remainder of the proof comprises two 
cases. Suppose first that m € (v2/2, v). We 
employ a proof by contradiction to show that 
both bidders have an infimum of zero. Sup- 
pose instead that b* = m, which implies that 
bidder 1 bids b, = m. Bidder 2 will bid zero 
or m, or he will randomize between the two, 
since a bid of zero strictly dominates any b € 
(0, m). Bidding zero is inconsistent with 


3 This condition on the density function holds for al- 
most every bid in the interval (0, b*). That is, it can be 
violated on a set of measure zero without changing the 
result. In the interest of brevity, we leave this qualification 
understood throughout the paper. 
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equilibrium since b, = m is not optimal if 
b, = 0. Bidding m or randomizing between zero 
and m can only be optimal for bidder 2 if v,/ 

— m = 0, since a bid of m results in a tie. 
This restriction on m contradicts m € (v,/2, 
w), so b* = m cannot occur in equilibrium 
here. An analogous argument shows that bid- 
der 2 cannot have an infimum bid of m, SO the 
common infimum is zero. ~~ 

Now suppose that m < v,/2. We employ a 
proof by contradiction to show that both bid- 
ders have an infimum of m. Bidding m guar- 
antees at least a tie, so bidder i must receive 
an expected payoff of at least v;/2 — m > 0. 
Suppose that bidder i has an infimum bid of 
zero. Since his infimum is zero, a bid near zero 
must be as good as a bid of m for bidder i. But 
if bidder j does not have mass at zero, then 
bidder i receives less than v;/2 — m if he bids 
near zero. (The probability that bidder i wins 
would be arbitrarily small for bids that are ar- 
pitrarily close to zero.) Bidder j must therefore 
have mass at zero. Since bidder j’s infimum is 
also zero, the same argument implies that bid- 
der i must have mass at zero. The bidders can- 
not both have mass at zero, by Lemma 1, so 
the infimum must equal m for both bidders. 


PROOF OF LEMMA 3: 

We first show that both bidders have mass 
points at m. Lemma 2 shows that the common 
infimum is zero, while Lemma 1 shows that at 
least one bidder has no mass at zero. Suppose, 
in particular, that bidder i does not have mass 
at zero. Then, if bidder j bids arbitrarily close 
to zero, his expected payoff 1s strictly below 
u — m > 0. Since his infimum is zero, a bid 
near zero must be as good as a bid of m for 
bidder j. But if bidder i does not have mass at 
m, then a bid of m would yield bidder j an 
expected payoff of v, — m. Bidder i must there- 
fore have mass at m. We conclude that at least 
one bidder has mass at m, since at least one 
bidder has no mass at zero. 

Suppose, in particular, that bidder i has 
mass œ > O at m. If bidder j has nonzero 
density in (m — €’, m), he could profitably 
move it to m, for some e’ > 0. For b € 
(m — &', m), the payment would rise by only 
m — b < e’, but the probability of winning 
would rise by at least a/2, since bidder j 
would now tie if bidder i bids m. Since mov- 























(m — e! , m). If OF has no maa a i 
then bidder i could profitably take TER a 
m and move it lower. We conclude tha feel ra 
bidders have mass points at m. ee 
The presence of mass points at m forpa di 

bidders implies that both bidders hive oe nee 
density in (m — €”, m), for some e” St ji RIA ane 
demonstrates the existence of b* œ {Og yo: ea 
such that both bidders have zero degae= 
(b*, m). Let b’ denote the smallest bee ae 
m] such that both bidders place zero.d cas i 
on every bid in (b*, m).” We now show tx G mast; 
both bidders place nonzero density on Ge Serres 
b € (0, b']. By the argument used in the? ie Do. 
of Lemma 2, if bidder i i has zero density ay 
interval (s, t) C (0, b’], then so must! : 
j. But if both bidders have zero densityis a: a “3 car: 
t), then either bidder could profitably% z eed 
density from (t, t + e*) down tos, for sat A i 
e* > 0. Thus, both bidders must have nodig 4 Te 
density on every b € (0, b’]. Boos PAE 
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Is There a Free-Rider Problem in Lobbying? 
Endogenous Tariffs, Trigger Strategies, 
and the Number of Firms 


By PAUL PECORINO * 


kainai J ae ~e 


On industry structure, it is perhaps dis- 
appointing that the empirical literature is 
not more clearcut on the political advan- 
tages of high concentration, in view of 
the strong presumption that free-rider ef- 
fects should be important in lobbying. 
Here too, however, theoretical contri- 
butions are scant. 

—(Dani Rodrik, 1995 p. 1483) 


There are two reasons we expect more- 
concentrated industries to have advantages 
over less-concentrated industries in playing 
the lobbying game.’ One is that in a nonco- 
operative setting, as the number firms rises, we 
expect the free-rider problem to become worse 
(this is the finding of Rodrik, 1986). The sec- 
ond is that we expect that the ability to main- 
tain a cooperative outcome deteriorates as the 
number of firms in the industry rises. [The 
classic reference is Mancur Oison (1965); 
also, see Russell Hardin (1982) and Todd 
Sandler (1992) among others. ] 

In contrast with the second intuition, this pa- 
per shows that there is no general presumption 
that maintaining cooperation becomes more 
difficult as the number of firms in the industry 
rises. The ability of an industry to overcome 
the free-rider problem is analyzed in a re- 
peated tariff lobbying game where cooperation 
may be.maintained through the use of a simple 


* Department of Economics, Finance and Legal Stud- 
ies, University of Alabama, Box 870224, Tuscaloosa, AL 
35487. I would like to thank Dan Arce, John Conlon, Amy 
Farmer, Costas Syropoulos, Akram Temimi, and three 
anonymous referees for helpful comments and discussions 
regarding the paper. This research was supported by a 
grant from the University of Alabama’s College of Com- 
merce and Business Administration. 

' fn this paper, I will consider industries where firms 
are identical. Thus I will use firm concentration and the 
number of firms in the industry interchangeably. 
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of the discount parameter. All vane oe 
this critical value are consistent with pte: : 
ation, and all values below the critical 
imply that cheating will prevent mainten; 
of the cooperative outcome. There is. non y 
sumption that this critical value rises with p 
number of firms. A separate, but related GE W 
tion involves asymptotic results. Standard t$ 
tuition suggests that as industry structae® 
approaches perfect competition, it begas $ 
impossible to maintain cooperation: hi P 
context of this paper, this intuition cote: 4 a 
sponds to the critical value of the discount fie: 
tor converging to 1 as the number of (im 
increases to infinity. In the general case iE $ 
shown that the critical value of the disci 
parameter converges to a value less thatë- 
the limit as the number of firms becomes Ei 
bitrarily large. If the actual discount parin A 
lies above this value, then cooperation msy#* 
maintained even with an infinite numba & ` 
Though the framework here is quite Sit; 
it provides results which contrast sharpy.tg 
our standard intuition about how indiss g 
structure affects the ability to maintain § Or 
eration.’ There are two ways to interpret SS g 
results of this paper. One is to assert that su 5 £ 
dard intuition is wrong, and that there $ at 
fact, no presumption that maintaining: S328 
eration becomes more difficult as aah a : A 


? Trigger strategies for infinitely repeated aoa eo 
first analyzed by James W. Friedman (1971). Sm 
Conlon (1996) for a recent analysis of coo oie ae 
finitely repeated setting. et 

3 For example, in a standard infinitely So 24 
Bertrand oligopoly game with homogeneous brs 
constant marginal costs, the critical value of the 
parameter is (n — 1)/n, where n is the num 
in the industry. See Carl Shapiro (1989 p. 310): 















































in an industry rises. As pointed out by 
saing quote from Rodrik (1995), the 
te op: literature to date has not decisively 
3 the advantages of concentration 
a protection.” Another EDE h 
PAT a? our intuition is correct, but that 
p anain nk more deeply about the true 
5 ‘of the monitoring technology. This 
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‘nt va 
sage toll 


ee 


=<; entail amending the simple trigger strat- 
= andel presented here, or outri ght rejection 
seger strategy model in favor of some 
nforcement mechanism, such as 
zag (1965) by-product theory.” 
Fhe trigger strategy framework might be ex- 
tq to consider imperfect information.° In 
per, it is assumed that firms view the 


“et 


fn an industry with a large number of 
“a greater problem is likely to be that the 
aher and size distribution of firms may not 


at et, 
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@ the cooperative level of contributions 
actly right is not crucial, but establishing 


seieslevel imposes a severe coordination 
oblem, and if firms are heterogeneous, there 
wil. be problems establishing the cooperative 
mere for each firm. 

-tuese Caveats suggest that further research 
seed on the question of how the number 
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Setting, and suggest analyzing the effect 
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! Maintain cooperation. The tariff lobby- 
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Ho ae dea ninacy is borne out in the Jan Potters and 
A Te $n =) survey of the empirical literature 
era to Olson, see the discussions of this theo 
£ : ry 
£1982) and Sandler (1992). 
awd. Green (1980 Sec. 5), Robert H. Porter 
and Porter (1984), and Dilip Abreu et al. 
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-ing problem is related to the more general 


problem of public goods provision. See the 
work of Sandler (1992) and Richard Cornes 
and Sandler (1996), among others. Also, see 
John McMillan (1979) for a treatment of pub- 
lic goods provision in a repeated game setting. 
The issues addressed in this paper have pre- 
viously been addressed in the literature on 
oligopoly. Val E. Lambson (1984, 1987) lays 
out the rather stringent conditions under which 
collusion may be maintained in a repeated 
game oligopoly setting as the number of firms 
rises to infinity.’ 

The cooperative and noncooperative equi- 
libria of the model are set out in Section I. In 


- Section I, trigger strategies are analyzed with 


an emphasis on the effect of an increase in the 
number of firms on the critical value of the 
discount parameter, including the case where 
the number of firms increases without bound. 
Section III concludes. 


I. Cooperative and Noncooperative Equilibria" 


Firms in this model are defined by owner- 
ship of sector-specific capital.’ In order to bet- 
ter focus on the problem at hand, the 
productive structure is made as simple as pos- 
sible. In particular, industry output is linear in 
sector-specific capital, which is the only input. 
Further, units are chosen so that 1 unit of 
sector-specific capital produces 1 unit of out- 
put (see the Appendix for an analysis with a 
more general production technology). Indus- 
try output is homogeneous, and the good is 
traded internationally with a world price of 1. 
Thus, the domestic price is given by 


(1) P=1+t, 


where the height of the tariff is denoted t. 


? See Shapiro (1989) for an extensive discussion of oli- 
gopoly in a repeated play setting. 

8 The noncooperative equilibrium for the’ static tariff 
game is considered in Rodrik (1986). Rodrik’s model is 
a simplified version of Ronald Findlay and Stanislaw 
Wellisz (1982). 

? There is no free entry or exit in the model, and there- 
fore no zero profit condition is imposed. Riezman and 
Wilson (1995) discuss trigger strategies in the case of free 
entry and in particular consider the possibility of entry 
itself triggering a return to the noncooperative outcome. 
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The height of the tariff is determined by the 
sum of lobbying contributions s; of each of the 
n firms in the industry. Thus, the tariff is given 
by’ 


where S = > s. 


i=] 


(2) t= 1t(S), 


It is assumed that ¢(0) = 0, t’(S) > 0, 
t”(S) < 0, and that t’(S) is finite for all $ > 
0 (possibly approaching © as S approaches 0). 

Increases in the number of firms are consid- 
ered holding industry capital constant. All 
firms are assumed to be identical, and only 
symmetric equilibria are considered through- 
out the analysis. Total industry capital 1s nor- 
malized to 1 making each firm of size 1/n. 
Profits of firm i are 


(3) mw; = (1/n) (1 + t(S)) — 5;. 


The first-order condition for firm i implies 


(4) v(S_,;+ 5) sn, 


= 0) with complementary slackness, 


where S_; are lobbying contributions by all 
firms other than firm i. From (4) we can solve 
for S~, the noncooperative level of tariff lob- 
bying, which implies the noncooperative level 
of the tariff, t“. A symmetric equilibrium is 
imposed in which s¥ = S*/n. This allocation 
of the lobbying burden is not unique, but the 
value of S™ which solves (4) is unique because 
the marginal cost of lobbying is constant, and 
the marginal benefit is monotonically decreas- 
ing in S”. 

In the cooperative equilibrium, firms jointly 
maximize 


=1+1($)—- S$ 


'° Note that if more firms represent more workers, then 
it might be reasonable to assume some dependence of the 
tariff function on n. In our case, however, total industry 
size is held constant so that when there are a greater num- 
ber of firms, each is smaller. Thus it is reasonable to as- 
sume that the tariff function is independent of n. 






aro 


where II denotes industry-level profits # i 
first-order condition to the cooperative p i K 
lem implies 


(6) t'(S) = 1. 


From (6), we can solve for the unique iy va 
of SC which, in turn, implies t°."! Wi ith Sy 
metry, s© = S/n. The comparative 
with respect to the number of firms n are gi 
by (7) and (8), where the N superscript . 
cates the noncooperative equilibrium, an 
C superscript the cooperative equilibrium, 


"i 
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dsX 1 wey 
Ta = <0 SS 
(a) dn t"(S) ~O -cgis 
(7b) all =) < 
dn t"(S) 
ds¢ ag 
i ‘dn n 
dt© tf 
8b — j ore 7 
(8b) PP 1 


Equation (7) reflects the worsening of i j 
free-rider problem as n rises. Equation (aj. 
sults from the fact that industry size is hë & 
constant throughout the analysis. As a res 
the optimal (from the industry’s perspective 
lobbying effort is independent of n. By om ‘ 
trast, in most analyses of public goods prt : 
sion, when the number of individuals rises,® ; 

optimal level of provision will also rise £- z 


ate es al 

Li ka: 
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Cornes and Sandler, 1996 pp. 161-63): i 
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I. Trigger Strategies and the Number ara 
A. General Conditions 


Consider the possibility of cooperation at ; 
infinitely repeated game, where coopele™: 
supported through the use of a trigger 58% 
In such an equilibrium, each firm ™ ot A 


SS i 

H" An interior equilibrium is assumed under of F 

tion. While it is conceivable that the optimal ¢0% es yr 

jevel of lobbying is zero, analyzing the effect of 
of the number of firms on the ability to main", 

ation is not interesting in this case. A £ 


BYE Sr i „X 
A) 
: a T Poa wm >+ 4 
Bhai { “>a at at y N 
PF: è 3 + 
at A a YE L à 
in 

























t Jevel of lobbying contribution, S“/ 


b 
1g oo „at te M Fat 
k F w 
kyin i at eT p~ as i 
uw r 1 "1 A by 
Bien aeti" hop Koo 
beeen “a Ter Fe | ae 4 
g P” í S 
i ; 
Pf i > iu a 
srh id h 


Re BB OE e ayrrent period if all firms cooperated 
Sees EEE 


eee. ous period. If any firm defected in 

A Eho Nash equilibrium forever. Assume 
AEE Sane observe, without error, the ag- 
} 2 avel of contributions made in the pre- 
fies od. As a result, defections are always 
Sea Let an individual firm’s profit be de- 
ace ynder the cooperative equilibrium, 
32% inder the noncooperative (i.e., single- 


Wash) equilibrium, respectively. The 


win” in all future periods. If this payoff is 
e caler than the payoff from continued coop- 
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won, then the firm will defect, and the co- 
erative equilibrium cannot be maintained. 
wa’ necessary condition for maintaining a 
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ion (81 were § denotes the discount factor. Define 5* 
{mee © be the critical value of 6 such that (9) holds 

fee < Fsirict equality. For all 6 = 4*, the coop- 


ers peck -=i Ve equilibrium can be supported, while for 


Ne eae i 


n.:BY Game 2 <8; cooperation cannot be supported by 
ee Ł EA E Tee A 
vods MEERE simple trigger strategy.'? Evaluate the 
i TENS ions in (9) and solve for 6* to get 
Ae. | "yt x, 
_63)5m D__ „C 
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aT aa E since, T? = no = aN óf = |, 
, etme. 2-408 effect of an increase in the number of 
AE === in the industry on the difficulty of main- 
LOD EEEE: -a & cooPetation will be measured through 
OPC ane. Ian increase in n increases 5*, then it is 
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said to make cooperation more difficult. A re- 
lated, but distinct, issue concerns the limit of 
6* as n becomes arbitrarily large. If 6* ap- 
proaches 1, then (absent the unrealistic case 
where there is no discounting of future profits) 
cooperation becomes impossible as n grows 
large. If 6* approaches a fraction less than 1 
in the limit as n grows large, then there are 
values of the discount parameter such that co- 
operation can be maintained with an infinite 
number of firms in the industry. 


B. Cooperation and the Number of Firms 


Expressions for 7° and 7 may be obtained 
from (3), using a superscript to indicate the 
appropriate equilibrium, while noting that 
sf = S/n and s = S/n. When a firm de- 
fects from the cooperative outcome, there are 
two cases. In one case, the firm cuts its con- 
tributions below the cooperative level to some 
positive level s” dictated by equation (4). In 
the other case, the firm cuts its contribution to 
zero. This will be true if t’(S_;) < n, where 
S_; represents lobbying contributions by all 
firms other than firm i. We will analyze the 
latter case since it will hold except possibly 
when n is very small (i.e., when an individual 
firm’s contributions make up a large percent- ` 
age of the total). The assumption that s? = 0 
has no effect on the results, and the case where 
s? > 0 is analyzed in Pecorino (1996).'* Thus 
we have 


(ila) aw°=(1/n)(1 + to —S°); 
(lib) a*=(1/n)(1 + £ — 8%); 
(lic) mw? =(l1/n)(1 +t”). 


P + 
w a~ wes, lk 


tainable level of lobbying contributions, as a function of 
ô and n. Comparative statics can be used to compute dS”"/ 
dn which shows how the maximum level of sustainable 
cooperation is affected by the number of firms in the 
industry. 

4 It is straightforward to show that s?” > 0 as n grows 
large. As a result, assuming s” = 0 has no effect on the 
asymptotic properties of the model. Pecorino (1996) is the 
working paper version of this paper. 
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Since s€ = S/n, it follows that S_, = ((n — 
1)/n)S* and 


(12) 1°(S_,) = ‘cre sc) | 


Substitute (11) into (T0) to get: ` be 


B tP? — (tE — SF) 
oy Pelas) 


(=se) -- (S°) —§°) 


{So Use | — (t(S*%)—S%) | 


In general it is not possible to say what will | 


happen to 6* as n rises. The numerator will 
tend to rise with n. From (8), both S© and t° 
are invariant to n, but from (12), we know 
that z? is increasing in n (t? approaches t° 
from below as n rises). The denominator also 
rises with n. As just discussed, t? is increasing 
in n, and it is straightforward to show that 
t’ — §” (the net benefit to the industry in the 
RORCOOPETAUVE equilibrium) is decreasing in 
n.’ 

The sign of d6*/dn is the same as the sign 
of 


(E JEEE- s9- 0" 9") 
n 


dt das“ 
dn dn 


sa pee Sy |. 


As discussed in the paragraph above, dt?/dn 
is positive, and (dt"/dn) — (dS‘/dn) is neg- 
ative. The first term in brackets is positive be- 
cause the net benefits to the industry are higher 
under cooperation than under noncooperation. 
The second term in brackets is positive be- 


'S Consider the special case where t© = (S°)*. Nu- 
merical simulations reveal that for a < 0.54, 6* is mono- 
tonically decreasing inn, for a > 0.67 6* is monotonically 
increasing in n, while for a between 0.54 and 0.67, the 
relationship between 6* and n is not monotonic. 



























cause defection gives a higher sinkt 2 AE 
payout than cooperation. Cooperatigg} 
comes more difficult as n rises only if the: a E 
term dominates the second. The first #224 
flects a greater desirability of defection wa Ys T 
an increase in n because the tariff y under es 
fection is growing closer to the tariff ys 

cdoperation. The second term reflects apa ee oy 
penalty associated with defection becatige iy! E 
noncooperative equilibrium becomes Jesss $i 
tractive as n rises. In general, there js ow. : a 
to know which of these terms will dom = 


Thus, it is oe to note that for the bs 


RESULT 1: For a general tariff functia TR 
the form t = t(S), where t' > 0, and FSE DG 
the sign of dô*/dn is indeterminate.: (hiz, nh 
fore, there is no presumption that 5* ( our iis: kas 
sure of the difficulty of maintalnieg fa $ 
cooperation ) rises with the number of. finis, mie. oh 


Result 1 has been derived assuming tl ha 
represents full cooperation among the fins 
is ne Speer using an analog to (13), to dis 

“‘critical’” discount parameter for any ti 
w level of cooperative contributions $$ a Be 
that S” < S = S°, where S° is full coopera! a: 
It is straightforward to show that the andliga es 
Result 1 applies to any constant level 0%: 3 
operation within this range. ey 

It has been assumed that there are n: S MA 
set-up costs for lobbying each period. h 
presence of such costs, there will be:S% $ 
modification to Result 1. Suppose fixed S= P% 
K must be incurred each period before § Eoi 
bying contributions have any impact;0 $= W 
tariff at the margin. Since the net benefits 
lobbying i in the noncooperative case got 


K above which the net benefits of ! ys es 
fali below the fixed costs K. As a 169: a y% 
level of noncooperative lobbying wi E i 
a corner solution with Zero * onributioñ o 
a zero tariff. For n = n* ° eintainig : 
eration will become more difficult 354 E 
As noted above, there are two effects 8-4 
n rises. One is that the noncooperatlV 
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becomes less attractive, decreasing both 
<ntive to cheat, and 6*. Once a corner 
is reached at n“, the noncooperative 
js as bad as it will get, and this 
ppears. The remaining effect 1 is that 
Funder defection rises towards the tar- 


3 Ot ae 2 * 
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Ep ERY tages 
rat i +. k 
vt ; A 


fir r 
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er interesting question is what hap- 
w 6* as n becomes arbitrarily large. If o* 
éroaches 1, and firms do any discounting at 
2 Ri ‘guaranteed that cooperation will break 

SE isn asn grows large. If ô* approaches a frac- 

iowa Sa less than 1, then there may be plausible 
Eor E b2 yas of the discount parameter ô which are 
Th See onistent with cooperation being maintained 
pea an infinite number of firms. In the model, 
ygbere’is no presumption that cooperation 


nai: = 
f firme ” i beaks down as the number of firms in the in- 
"Saas destry rises without bound. 


thag -To see this, consider the expression for 6* 
< © 43 equation (13). We would like to take the 
ja eet Of this expression as n >œ. In doing so, 


Bes + 
. Ki ah 
Boterea AES. 


any, Caer : 
ns San E Seder in (13). From (12) note that t? > © 
Bas ASS Â. 3, A 


w fact that ¢’(S) is finite for S > 0 [for 

` E = nnie, (4) cannot hold as an equality for 

a nO AMEE oe POs tive level of S]. Thus as n grows with- 

od. Í -S3 bound, the level of noncooperative a 
ba? qos approach zero.’ Since t(0) = 


an Pp Ri “ivan 
ixéd Gii P&S inp és that” — SY 0 as n> œ (ee 


efori iñ mind, we have, 

aC c 

» BOs n= 

subsea ae 

o ny eee. that S€ and 1° are invariant to n. This 


lon „cannot ‘be gréater than I because 
Á ld i imply industry losses from lobby- 


mi $: = 3 cen always ensure zero losses from 
Cua: m S = 0. The expression in 


(14) is less than 1 when there is an interior 
solution which yields the industry positive net 
benefits (i.e., t° — S© > 0) in the cooperative 
equilibrium (if this expression is not less than 
1, the question of what happens when n rises 
is entirely moot). 

In the limit, (1/n)S°© is the temptation to 
cheat faced by a firm, while (1/n)t© is the per- 
period future benefit from maintaining coop- 
eration. The critical value of 6 approaches the 
ratio of these two térms in the limit as n grows 
large. Since this ratio is less than 1 when there 
is an interior solution, there is no presumption 
that cooperation must break down as the num- 
ber of firms in the industry grows arbitrarily 


. large. This-strongly contrasts with standard in- 


tuition, and is stated as Result 2. 


RESULT 2: If the cooperative equilibrium 
yields positive net benefits to the industry, then 
in the limit as the number of firms in the in- 
dustry grows without bound, 6* converges to 
SC/tE < 1. If 6 > S°/t°, the cooperative out- 
come may be maintained with an infinite num- 
ber of firms in the industry (i.e., under 
conditions of perfect competition). 


Result 2 implies that there are admissible 
discount parameters which allow full cooper- 
ation to be maintained in the limit. It is 
straightforward to show that an analog to Re- 
sult 2 holds for a constant cooperative level of 
contributions S in the range SY < S$ = S°, 
where S© represents full cooperation. 

Result 2 is unaffected by the consideration 
of fixed set-up costs of lobbying. As discussed 
in subsection B above, with fixed set-up costs 
of lobbying, there is a finite n above which 
both contributions S” and the tariff t™ in the 
noncooperative equilibrium go to zero. How- 
ever, even in the absence of fixed set-up costs 
of lobbying, +” and S~ approach zero 
asymptotically. 


I. Conclusion 


The attractiveness of the framework 
adopted here is its simplicity; a trigger strategy 
is a very simple monitoring technology. How- 
ever, this framework gives results which are 
strongly at odds with our intuition about how 
increases in the number of firms in an industry 


F as 
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affect the probability of overcoming the free- 
rider problem inherent in tariff lobbying. In 
particular, there is no presumption in the 
model that overcoming the free-rider problem 
becomes more difficult as the number of firms 
in the industry rises. Also, there is no pre- 
sumption that cooperation must break down as 
the number of. firms increases without bound. 
The crucial feature of the model is the way the 
single-period payouts 7”, 7°, and 7™ change 
as n rises, and these changes are independent 
of the length of the punishment period. Thus, 
the results of the model should not depend cru- 
cially on assumption of infinite punishment 
periods.'’ Note that if punishments more so- 
phisticated than reversion to the single-shot 
Nash equilibrium are considered, as in Abreu 
(1988), the results of this paper should con- 
tinue to hold. If a simple strategy is able to 
maintain cooperation as the number of firms 
grows large, then an “‘optimal penal code’’ 
characterized by Abreu should do at least as 
well.'® The results may not be robust to the 
introduction of certain types of informational 
imperfections, and this should be an area of 
future research. 

The standard intuition about industry struc- 
ture and the ability to maintain cooperation in 
lobbying is not supported by a simple model 
in which cooperation is maintained through 
the use of a trigger strategy. Either our intui- 
tion is wrong, or if it is correct, we must appeal 
to more complicated models of the lobbying 
process which might explicitly include imper- 
fect information, or transaction costs among 
other features. 


7 For punishment periods which are less than infinite, 
6* will be higher for any given n; however the change in 
6* as n rises will be governed by the changes in 7°, 7°, 
and 7%. 

1'8 The most severe punishment which can be imposed 
on a defector is for all other firms to contribute zero in all 
periods after the initial defection. Because the noncoop- 
erative level of the tariff is the tariff a single firm would 
find it individually rational to lobby for, the punished firm 
would rationally contribute S” in all punishment periods 
providing a tariff of tr”. Under such a punishment scheme, 
Results 1 and 2 of the paper will continue to hold. Note 
that this punishment would require observing the actions 
of all firms individually rather than just the aggregate 
contribution. 
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In the main body of the text, RA 
sumed to have a fixed maaa imm 7 
where output is simply equal to the sixg73: $ 
firm’s capital stock. In this Appendi * ae 
consider firms defined by ownershi p of 4 ae | 
amount of sector-specific capital, but Wilke 
cess To a Cofistarit-returns-t0-Scale prodiga a 
technology using labor as a variable: gies i 
With firm capital fixed, the productiog k à 
tion will exhibit diminishing retums in] a 
The focus in this Appendix is on asy sy . 
results. 3 


scale production functions f (i; , 1/n), wheat: 

is labor hired by firm 7 at the wage rate’, ae a) 

1/n is the capital owned by the firm. Proigg: ee 
firm i are 7’ = (1 + t) fC, 1/n) - ~ Wh oar 

After the tariff has been set, firm i hie ot oe 
until 


scale production function, if domestic ie 
held constant, industry output F = wif 
invariant to the number of firms n. Wher së. 
venient, the industry’s aggregate produ 
function will be denoted F(L, 1), | 
reflects total industrywide capital, and b €39 
gregate industry employment: In the stat 


operative equilibrium firm i lobbies 4 F, m 


(A2) (Sa + sos (4. =) <1, 


he . a 
“eases i 
Es sa 

: 
z 


= 0 with complementary ea 


As in the main body of the paper, in 4&3 E 
cooperative equilibrium, the tariff apf: i ae 
zero as n grows large (f’ — 0 as Us eS 
yielding the free-trade equilibrium. D84 i a oe 
constant-returns-to-scale technology» 2-39 a 

dustry employment, output, and profits 2 es 
free trade are invariant to n. If we gee $: 
dustry employment, output, and profits ra i 
free trade as L”, FF and II", then an ye a 


9 receives 7” = (1/n)IT* in 
È ade je equilibrium. It will prove conve- 
t. “ write this as 

¥ N 
kx nr” = li” = FF — wL” 
fa cO cooperation, firms lobby to maximize 
with = 

le i = (1 +t)F(L, a wh — S 
Ont 














l gal Al) and (A4) it is possible to solve for 
ES rand L°, and these, in turn, imply values of 


rirest 1 iE and F°. Each of these industry-level 


+, 
eo 
“ 


Me swisbles is invariant to n. This follows since 
peng is independent of n holding the tariff 
p aenant, This means that the optimal level of 
a y Be tariff [ see (A4)]; is independent of n. Each 


a aes receives 7° = II°/n, which may be re- 


SEG] nn’ = Mo = (1+ 4°) Fo — who - S°. 


op Bes tha output and employment of each firm 
: a pam = elven by f€ = FC/n and IF = L°/n. 
Where SSE.: ét the profits of a firm which defects be 
êg (in the case where s? = 0) 
?,1/n) — wl?. 


pits the main text, limpo t? = t° because 
ie 4 A iridu firm’s withheld contribution 


Sau Aff under defection approaches the tar- 
coo cooperation, it follows that output 
ackne Sana: pl oyment of the defecting firm ap- 
Poo. Hom their levels under cooperation, i.e., 
mee i, =C = LCJ 
is n and lim,.. f? 


. Thus, 


= (1+ 2°) F° — wL 
= To + Sc. 


(A7) to obtain 
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From (10), we can write 6* = (nrn? — nr°)/ 
(nw? — nt). Use this plus (A3), (A5), and 


+ ao 


C 
lim 6* = ere! aes <1. 


ay no sc uc- FS 


Recall that TI“ — II? > 0 since industry profits 
under cooperation are greater than industry 
profits under free trade. Result 2 still holds 
when we allow firms access to constant- 
returns-to-scale, variable input production 
technologies. 
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mid éa assessing the accounting principles used and significant estimates made by management, 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF FINANCIAL POSITION 
DECEMBER 31, 1997 AND 1996 











1997 1996 
Assets 
CasH AND CASH EQUIVALENTS (Note 1) $ “996,672 $1,189,540 
INVESTMENTS (Notes | and 2) 9,109,988 7,589,942 
ACCOUNTS RECEIVABLE, no allowance for doubtful 
accounts considered necessary 472,747 236,532 
INVENTORY OF Index of Economic Articles (Note 1) 46,243 61,94] 
PREPAID EXPENSES 73,303 61,023 
FURNITURE, FIXTURES AND EQUIPMENT, net (Note 1) 108,596 105,405 
TOTAL ASSETS $10,807,549 $9,244,383 
Liabilities and Net Assets 
ACCOUNTS PAYABLE AND ACCRUED LIABILITIES $ 810,154 $ 585,254 
DEFERRED REVENUE: (Note 1) 
Membership dues and nonmember subscriptions 1,672,329 1,615,170 
Job Openings for Economists 11,299 14,420 
Total deferred revenue 1,683,628 1,629,590 
ACCRUAL FOR SURVEY AND TELEPHONE 
Direcrory (Note 1) 61,085 124,550 
Total liabilities 2,554,867 2,339,394 
COMMITMENTS (Note 3) 
Net ASSETS: 
Unrestricted 8,238,254 6,877,459 
Temporarily restricted (Note 1) 14,428 27,530 
Total net assets 8,252,682 6,904,989 
TOTAL LIABILITIES AND NET ASSETS $10,807,549 $9,244,383 








See notes to financial statements. 
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OPERATING REVENUES: 
iss ship dues and nonmember subscriptions (Note 1) 


of Index of Economic Articles 

af copies, reprints and handbooks 

list 

F ao (net of associated costs of $369,185 ad $329,761) 
tment return designated for current operations (Notes 1 and 2) 


.. sf American Economic Review 
P : “aR 2 Sonal of Economic Literature 
eo: Uigurnal of Economic Perspectives 
ata al Openings for Economists 
| Survey ; and Telephone Directory (Note 1) 
x sof Economic Articles 


z zement and general: 
-General and administrative: 
ie Selris and benefits (Note 4) 


Tol publication, management and general expenses (Note 7)” 


Eee 


© RETURN IN Excess OF AMOUNTS DESIGNATED FOR 
CURRENT OPERATIONS (Notes 1 and 2) 


hone 


tes to financial statements. 


1997 


$2,106,468 
23,029 
1,044,990 
146,743 
16,182 
41,516 
67,043 
67,716 
438,975 
78,526 


4,031,188 


158,361 
4,189,549 


925,492 
1,460,691 
500,996 
79,172 
126,813 
120,103 


3,213,267 


312,242 

30,776 
286,270 
135,273 


764,561 


3,977,828 


158,361 
4,136,189 


53,360 


1,307,435 
$1,360,795 


$r 
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N ECONOMIC ASSOCIATION STATEMENTS OF UNRESTRICTED REVENUES, EXPENSES, AND OTHER CHANGES 
IN UNRESTRICTED Net ASSETS YEARS ENDED DECEMBER 31, 1997 AND 1996 


1996 


$2,011,550 
33,535 
984,454 
132,564 
75,515 
49,279 
47,273 
92,837 
390,335 
79,159 


3,896,501 


109,461 
4,005,962 


939,611 
1,422,050 
496,789 
77,769 
39,919 


~ 174,210 


3,150,348 


272,417 

31,390 
277,291 
124,054 
705,152 


3,855,500 
109,461 
3,964,961 
41,001 


730,569 
$ 171570 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN NET ASSETS a - 
Gs 
YEARS ENDED DECEMBER 31, 1997 AND 1996 Ze 


1997 

UNRESTRICTED Net ASSETS: 

Total unrestricted operating revenues $4,031,188 

Net assets released from restrictions 158,361 

TL. bamrcicted onerating elt cos a A TIR VE. 

Investment return in excess of amounts designated for current operations 1,307,435 

Increase in unrestricted net assets 1,360,795 

TEMPORARILY RESTRICTED NET ASSETS: 

Grant proceeds: 145,259 

Net assets released from restrictions (158,361) 


Decrease in temporarily restricted net assets (13,102) 
INCREASE IN NET ASSETS 1,347,693 
Net ASSETS AT BEGINNING OF YEAR 6,904,989 
Net ASSETS AT END OF YEAR $8,252,682 





See notes to financial statements. 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CASH FLows 
YEARS ENDED DECEMBER 31, 1997 AND 1996 



















1997 

k g wS FROM OPERATING ACTIVITIES: 

3 sack on ose of membership dues, nonmember subscriptions, royalties 

h a Da ae d other operating revenue. f $3,410,036 

(36 a aes ents to suppliers and employees (3,772,362) 

¥ l ea Twist E F procee ds ` 145,259 

TAS Gest disbursements (158,361) 

EAS J eds from interest, dividends and capital gain distributions on 

2 a ~a aments™ . 364,804 

“a A CASH (USED IN) PROVIDED BY OPERATING ACTIVITIES (10,624) 

2t | oe FROM INVESTING ACTIVITIES: 

Pe] chases of investments (680,471) 
ad og > from sale of investments 542,031 
aces of furniture, fixtures and equipment (43,804) 

3 ENET CASH (USED IN) PROVIDED BY INVESTING ACTIVITIES (182,244) 
% ‘i E INCREASE IN CASH AND CASH EQUIVALENTS (192,868) 
Disco EQUIVALENTS AT BEGINNING OF YEAR _1,189,540 
es AND CASH EQUIVALENTS AT END OF YEAR $ 996.672 
| eee OF CHANGE IN Net ASSETS TO NET CASH USED IN 
E -> Deeratinc ACTIVITIES: 
Dar in net assets $1,347,693 
: "Agastments to reconcile change in net assets to net cash (used in) 
war... -provided by operating activities: 
E Bepreciation and amortization 40,613 
a E.: Usrealized investment gains (1,381,606) 
eR, Becton i in accounts receivable (236,215) 
tase (increase) in inventory of Index of Economic Articles 15,698 
iscteate in prepaid expenses (12,280) 
2 facicase i in accounts payable and accrued liabilities 224,900 
in deferred revenue 54,038 
) increase in accrual for Survey and Telephone Directory (63,465) 
a —— CASH (USED IN) PROVIDED BY OPERATING ACTIVITIES $ (10,624) 
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1996 


$3,671,048 
(3,764,434) 

88,182 
(109,461) 


277,745 
163,080 


(2,076,739) 
2,225,153 


(33,457) 


115,557 
278,637 


910,903 


$1,189.540 


$ 750,291 


35,270 
(843,159) 
(18,140) 
(5,884) 
(1,604) 
11,697 
195,722 
38,887 


$ 163,080 
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The American Economic Association Notes to Financial Statements 
Years Ended December 31, 1997 and 1996 


1. Summary of Significant Accounting Policies 









The American Economic Association (the ‘‘Association’*) is an educational organization whose Purposes ae 3 
courage economic research, especially the historical and statistical study of the actual conditions of industrial ey 
issue peneee on economic subjects and to cnCOUrABE freedom of economic discussion. x, : 


P` 
we a ae -me n n ay = 
Ped Nata a 
ve cee s 


Cash and sash equivalents include highly liquid investments with original maturities of three months or lesse a 
ERE ge 
Investments are reported at fair value as reported by the respective funds. The Association designates only ap ap 
of its cumulative investment return for support of current operations; the remainder is designated to support op | 
of future years and to offset potential market declines and other unforeseen contingencies. Investment retuyj as 
senting five percent of total cash, cash equivalents and investments at the beginning of the year are ‘sinned. a 
support current operations. ' 







Inventory of Index of Economic Articles is stated at the lower of cost or market. ae 





Furniture, fixtures and equipment is stated at cost net of accumulated depreciation. Depreciation is calculated nay i 
the straight-line method over the estimated useful lives of the assets. > Fee 


Deferred revenue represents income from membership dues and nonmember subscriptions to the various ribose. 

of the Association which are deferred when received. These amounts are then recognized as operating revenue fale“ 
ing the distribution of the specified publications to the members and subscribers of the Association. Income ira 
membership dues is recognized over the estimated average life of these members. ee - 
Accrual for Survey and Telephone Directory. Every four years, the Association publishes a Survey which bs i tas 
other things, the names and addresses of its membership. It also publishes a Telephone Directory every fow -a 
which contains the name, address, electronic mail address and office or home phone and fax numbers of the merta: $ 
The Survey was published and distributed most recently in 1997 at no cost to the membership. The Telephone Dita: 
was distributed most recently in 1995 at no cost to the membership. To properly match the publishing cost of fe" 
publications with revenue from membership dues, the Association provided approximately $47,000 and $40, oase d 
the years ended December 31, 1997 and 1996, respectively, for estimated publishing costs which will reduce a | 
Survey and Telephone Directory expenses in the year of publication. oo; ama 


Temporarily restricted net assets represent amounts available for various training and student exchange prograay #19 
economic conferences and committees. Certain temporarily restricted net assets are administered on a reimbicese 
basis; therefore, disbursements are allowed prior to receipt of grant proceeds. 1 4 ; as 


Federal income taxes. The Association files its federal income tax return as an educational organization sii 
exempt from income tax under Section 501(c)(3) of the Internal Revenue Code. As required by Section eats 
Code, the Association is subject to federal income taxes on certain revenues which are not substantially sees 
tax-exempt purpose. This ‘‘unrelated business income’’ includes income from advertising and the sale of mail, 
The Association has been determined to be an organization which is not a private foundation. 7 a 







Accounting estimates. The preparation of financial statements in conformity with generally accepted — 
ciples requires management to make estimates and assumptions that affect the reported amounts of assets and ay 
and disclosure of contingent assets and liabilities at the date of the financial statements. Estimates also . 


reported amounts of revenue and expenses during the reporting period. Actual results could differ from those es 


Certain reclassifications have been made to the 1996 financial statements to conform to the 1997 pesenna : 
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and Investment Return l l 
sist of: 

iments CON 1997 1996 

S ani $ 315 $ 300 
: piamal fun 7,176,187 5,826,447 
ae ea 1,933,486 1,763,195 
ioe a 9,109,673 7,589,642 
A — $9,109,988 $7,589,942 
poke: w 
e MN t return consists of: 
a Years Ended December 31, 
DN is 1997 1996 

y Dividends and unrealized gains and losses, net $1,660,430 $ 993,462 
y Wet realized gain on sales 60,513 ` 104,298 
5 ‘en 25,467 23,144 
"Se ESO 1,746,410 1,120,904 
fnvestment return designated for current operations - _ (438,975) (390,335) 
"$1,307,435 $ 730.569 


a 
+ > 

v b 

aly 

+ 

+ 


ae Ths Association leases office space under cancelable and noncancelable operating leases. Total rental expense under 
‘of geese leases was approximately $88,000 and $83,000 during the years ended December 31, 1997 and 1996, respectively. 
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its minimum future rental commitments under noncancelable operating leases at December 31, 1997 are as follows: 
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si, Year ending 
a’. December 31, 





1998 $ 90,256 

-1999 84,870 
2000 45,129 
2001 3,970 

$224,225 
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£s of the Association are eligible for participation in a contributory retirement annuity plan. Payments by the 
and Participating employees’ are based on the employees’ compensation. Benefit payments are based on 
~s accumulated from such contributions. The total pension expense was approximately $82,000 and $78,000 
teas ended December 31, 1997 and 1996, respectively. 
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5. Royalties and Other Unrestricted Operating Revenues 


Royalties for the years ended December 31, 1997 and 1996, consist of the following: 





i 1997 1996 

SilverPlatter $848,653 $798,451 
} OCLC : 84,257 74,830 
| EconLit 57,270 50,700 
. ae t+ * Dialeg/Knight-Ridder i 32,403 34,616 
; Miscellaneous 22,407 25,857 
$1,044,990 $984,454 





1997 1996 
AER submission fees $ 57,731 $ 55,050 
CSWEP membership dues 20,544 24,109 
Other donations 251 eens foe 
$ 78,526 $ 79,159 


6. Other General and Administrative Expenses 























1997 1996 > i i 

Dues and subscriptions $ 77,936 $ 77,786 at 
Accounting and legal 31,127 36,106 pees i 
Mailing list file maintenance 32,100 31,110 ae * 
Bank charges 30,509 27,590 ARE 
Postage 25,903 24,895 ey 
Depreciation 29,402 24,368 = 
Election expenses 16,144 15,202 ec 

bo Insurance and miscellaneous 14,719 13,017, # 

\ Office supplies 9,442 10,836 = = 

A Telephone 7,447 6,856 > 

R Investment counsel and custodian fees 2,412 6,277 z 
President and president-elect expenses 9,129 3,248 s; 

$286.270 $277.291 


7. Ratio of Unrestricted Net Assets to Expenses 
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The ratio of unrestricted net assets at December 31, 1997, to 1998 budgeted publication, managemen 
expenses is 1.82. The ratio of unrestricted net assets at December 31, 1996, to 1997 actual publication, 


and general expenses is 1.73. 
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